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BASIC SEMICONDUCTOR THEORY 


Transistors and junction rectifiers are the natural outgrowth of our rapidly advanc¬ 
ing technology and the need for electronic devices with small size and high efficiency 
and reliability. They are made from materials known as semiconductors — materials 
that will pass more current than an insulator, but not as much as a metal. The two 
materials now being utilized in the manufacture of semiconductor products are 
Germanium and Silicon. 

It is possible to change the electrical characteristics of semiconductor materials by 
adding closely controlled amounts of certain impurities. Impurities such as arsenic 
and antimony cause a surplus of electrons, or free negative charges, while others such 
as gallium and indium cause a deficiency of electrons, which may be considered as 
holes in the crystalline structure, and act as mobile positive charges. 

A crystal with a surplus of holes, or positive active electric “particles” is known as 
p-type while a crystal with a surplus of electrons, or negative active electric particles 
is known as n-type. As might be expected, when a positive charge and a negative 
charge meet in the crystal, they combine and cease to exist as mobile charge carriers — 
the excess mobile electron meets a mobile electron deficiency or hole and fills the hole, 
becoming a fixed part of the crystalline structure. 

Therefore, in a semiconductor material such as silicon or germanium, we have a 
material which is a very poor conductor of electricity unless we add mobile charge 
carriers, and we can add either positive or negative charge carriers. The significance 
of this will become apparent when we consider what happens when we join a crystal 
of p-type and a crystal of n-type material together forming a distinct boundary, or 
junction, between the two types, as in Figure 1. 



FIGURE 1 


This crystal is now capable of passing current readily in one direction while blocking 
current in the opposite direction and we have a useful electronic device, a rectifier. 



FIGURE 2 


When a battery is attached as shown in Figure 2 the electrons will be pushed 
towards the junction by the negative voltage of the battery and combine with holes 
attracted towards the junction by the battery’s negative voltage. Electrons constantly 
enter the crystal at the n-terminal to replenish the electrons that have combined with 
holes, and electrons leave the p-terminal to replenish the hole supply of the p-type 
portion of the crystal, and current flows. 
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If we reverse the polarity of the battery as in Figure 3 we have the following 
situation: 
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FIGURE 3 

Now the positive and negative particles are drawn away from the junction by the 
battery’s voltage, leaving the section of the crystal near the junction practically void 
of charge carriers and crystal effectively blocks current. A few random charge carriers 
do remain in the junction area allowing a minute current to pass. This current is known 
as “leakage current” and is usually in the order of a few microamperes. 

We have seen how semiconductors are capable of rectifying current by the use of a 
single junction within a crystal. By adding a second junction and making a P-N-P or 
N-P-N sandwich of N and P types we have a device capable of amplification known 
as a transistor. 

The transistor may be compared to a triode tube in some ways, so let’s quickjy 
review the triode tube. The tube represented in Figure 4 has three distinct elements: 



FIGURE 4 

1. The cathode, which emits electrons; 2. The plate which collects the emitted elec¬ 
trons, and 3. The control grid, which controls the charge concentration of the spaces 
A and B separating the elements by altering the charge of these spaces. When a large 
fixed voltage is applied between the cathode and plate and a small varying voltage 
is applied to the control grid, the plate current varies as much as it would if we made 
large changes in the plate voltage, giving us a device capable of amplifying voltage. 

Now consider the transistor. Again we have three elements, separated by junctions 
as shown in Figure 5. 


^JUNCTIONS^ 
N N 



EMITTER BASE COLLECTOR 


FIGURE 5 
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BASIC SEMICONDUCTOR THEORY 

Here the emitter emits electrons, the collector collects electrons and the base controls 
the flow of electrons by controlling the charge concentration in the base region, so 
in the broadest sense, the function of the three elements in the triode tube and the tran¬ 
sistor are similar. However, in the transistor we are amplifying current, not voltage, and 
its operation is not really as analogous to the tube’s operation as this comparison shows. 

Let’s look a little closer at how a transistor works. First of all we will put the 
transistor in a circuit as in Figiure 6. 


EMITTER JUNCTION—y /—COLLECTOR JUNCTION 

_ N >1 Pjf N 



FIGURE 6 

Here we see that the emitter junction will pass current easily, because it has a forward 
bias. The collector junction however, will not pass current from the collector to base, 
because this junction is back biased. These bias conditions are necessary for transistor 
operation. It is found that the majority of the current flows between the emitter and the 
collector because of the large number of electrons from the emitter which diffuse 
through the very thin base region and into the collector without combining with the 
holes in the base. As the base is made more positive, more electrons are pulled out of 
the emitter and are made available for diffusion into the collector. 

If the base is made less positive, less electrons are pulled from the emitter, so less 
reach the collector. The electrons that enter the base, but do not reach the collector, 
combine with holes in the base and contribute to the base current, reducing the gain 
of the transistor. To reduce the base current, the base is kept as thin as possible 
(usually less than a thousandths of an inch thick) and the hole content kept to a mini¬ 
mum by using high-purity material, or in other words, the base material is only slightly 
“p” type material. 

The ratio of the collector current to the base current is called beta, usually shown 
on specification sheets as hrs, and the ratio of the collector current to the emitter 
current is called alpha, usually shown as hpB. Of course it is desirable to have the alpha 
of a transistor as high as possible and alphas of 0.95 to 0.99 are common in com¬ 
mercial transistors. 

No current (except a small leakage current) will flow in the collector circuit unless 
current is introduced into the emitter. Since very little voltage (.1 to .5 volts) is needed 
to cause appreciable current flow into the emitter, the input power is very low. Almost 
all the emitter current (emitter current times alpha) will flow in the collector circuit 
where the voltage can be as high as 45 volts. Therefore, a relatively large amount of 
power can be controlled in an external load and the power gain (Ge) of a transistor 
(power out/power in) can be up to 40,000 in some applications. 
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The most common type of jxmction transistor is the PNP diffused alloyed type. 
This transistor is made by taking a wafer of “N” type germanium, mounting it on a 
holder and pressing indium dots into each side. The assembly is then heated in a 
furnace until the indium melts and alloys with the germanium forming a “P” layer 
within the “N” type germanium. The complete assembly is shown by Figure 7. 



By changing the size of the indium dots and the depth to which the indium is 
alloyed into the base material, it is possible to obtain a transistor optimized either for 
audio amplifiers or high speed switching. In addition, by starting with P type germa¬ 
nium, it is possible to make a NPN transistor. With the alloy type of structure, it is 
possible to pass currents of up to % an ampere through the transistor. This structure 
is not generally suitable for high frequency linear amplifiers since the indium dots 
produce a high capacitance between collector and base making the unit inherently 
unstable at high frequencies. 

The rate grown transistor is produced by an entirely different technique. A bar 
of germanium is grown from a bath of molten germanium so doped that the material 
will change from “P” type to “N” type depending on the temperature and rate of 
pulling. By suitable growing techniques, 10 to 15 thin “P” type layers are formed in 
a bar about the size of a cigar. This bar is then sawed up into pieces about 10 mils 
by 10 mils by 100 mils with the thin “P” layer in the center and long “N” regions 
on each side. About 7 to 10 thousand transistor bars can be cut from each ingot of 
germanium. The internal appearance of one of these transistors is shown in Figure 8. 
This transistor has a low collector capacitance and has excellent gain up to several 
megacycles. It is stable at high frequencies and is ideally suited for the radio fre¬ 
quency section of broadcast receivers. A rate grown transistor also makes an excellent 
unit for high speed gates and counting circuits. 
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FIGURE 8 

The meltback method of transistor construction starts off with a bar of germanium 
about 10 X 10 X 100 mils. The end of the bar is melted and allowed to refreeze very 
quickly. By suitable doping of the original material, the junction between the melted 
portion and the unmelted portion becomes a thin layer of “P” type material and the 
melted and unmelted portion of “N” type material remains “N” type material. This 
transistor is essentially a rate grown transistor, but the rate growing is done on an 
individual small bar rather than on the large germanium ingot. By the addition of an 
extra base connection to a triode, a tetrode is formed. If a current is passed through 
the base region from one base lead to the other, the active portion of the base region 
is electrically narrowed and high gain is possible up to 200 me. 

Another method of making semiconductor devices is by gaseous diffusion of impuri¬ 
ties. In this type of construction, the base material and the impurity are sealed together 
in a quartz tube and the complete assembly heated to about 1200°C. At this high 
temperature, the impurities form a gas which diffuses into the surface of the base 
material forming P or N type layers. With this technique, it is possible to form very 
large flat junctions of precisely controlled thickness. An example of a transistor built 
using this technique is the 2N451 silicon 85 watt power transistor shown in Figure 9. 
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By using two impiurities diffused simultaneously, it is possible to form a P type layer 
.2 mil thick and an N type emitter layer .3 mil thick. By making contacts to the base 
and emitter regions, a transistor is produced capable of carrying up to 10 amperes. 
Since the diffused layers are very thin, the frequency response of this power transistor 
is good up to 5 to 10 me. 

Another recently developed device using diffusion techniques is the Controlled 
Rectifier. A Controlled Rectifier is a four layer PNPN structure as shown in Figure 10. 
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FIGURE 10 

By making connections to three of the layers, a regenerative switch is obtained which 
acts in a manner very similar to a vacuum tube thyratron. This device will switch on 
in less than 1 fisec and with the large areas made possible by diffusion, it will carry 
15 amperes continuously and 150 amperes on a surge basis. 

G-E silicon signal transistors are grown junction devices with a diffused base and 
utilize an entirely new type of pellet mounting to obtain maximum mechanical strength 
and reliability. This construction, used with both the silicon triode and the silicon 
unijunction transistors is called the ceramic disk construction or fixed-bed mounting, 
and is shown in Figure 11. A wafer of ceramic which has the same coefficient as the 
pellet forms the basic mechanical structure. Gold is deposited on the disk in three areas 
to form the electrical contacts. The silicon bar is mounted across a narrow slit in the 
disk and between two of the gold contacts. The third connection is made between 
the silicon bar and the third gold contact by means of a small aluminum wire. The 
aluminum wire forms the base contact of the silicon triode, and the emitter contact 
of the unijunction transistor. After the transistor is assembled on the ceramic disk, the 
entire disk assembly is mounted on a standard header by soldering the gold to the 
transistor leads. 

The use of this fixed-bed construction results in a number of important 

advantages: 

1. The mechanical strength of the structure is increased greatly since the basic 
transistor structure is not subjected to stress during shock and vibration. 

2. The transfer of heat between the transistor bar and the case is improved 
permitting higher power ratings. 

3. The possibility of failure from extreme temperature cycling is greatly reduced 
because of the matched temperature coefficients of the structure. 

4. The electrical characteristics are more stable and reproducible from unit to 
unit because of the improved uniformity of the mechanical structure. 
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FIGURE 11 


MAJOR PARAMETERS 

There are many properties of a transistor which can be specified, but this section 
will only deal with the more important specifications. A fundamental limitation to the 
use of transistors in circuits is BVoer, the breakdown voltage in the grounded emitter 
connection. The grounded emitter breakdown voltage is a function of the resistance 
from the base to the emitter and it is necessary to specify this resistance shown as 
R in Figure 12. 



■ 






Since the breakdown voltage is not sharp, it is also necessary to specify a value of 
collector current at which breakdown will be considered to have taken place. For 
example, in PNP audio transistors the collector current is specified to be less than 
600 /tia with 25 volts applied and the resistance R equal to 10,000 ohms. With NPN 
transistors, the collector current should be less than 300 na. with 15 volts applied, and 
the base open-circuited. 

The small signal parameters of transistors are usually specified in terms of the “h” 
or hybrid parameters. These parameters are defined for any network by the following 
equations: 

i IN—► 
o- 

o- 


Cln — hi iin “b hr Cout 
iout — hf iln “b ho Cout 

where hi = input impedance (ohms) 
hr = feedback voltage ratio (dimensionless) 
hi = forward current transfer ratio (dimensionless) 
ho = output conductance (mhos) 
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For transistors, a second subscript is added to designate which terminal of the 
transistor is grounded. For example, hfe is the grounded emitter forward current trans¬ 
fer ratio. 

The current transfer ratio is equal to the ratio of an a-c variation in collector 
current to an a-c variation in base current. This current gain can be specified either 



FIGURE 13 


for small a-c values of base current or for large values of base current in which case 
it would be known as hpE, the d-c current gain. The current gain is the most important 
property of a transistor in determining the gain of audio amplifiers. 

The small signal “h” parameters of a transistor are a function of frequency and 
bias conditions. For a P-N-P alloy audio transistor, typical h parameters at 270 cps, 
and bias conditions of 5 volts (collector to emitter) and 1 ma collector current are: 


Grounded Base 
hib 30 ohms 

h,b 4 X 10-^ 

h,b -0.98 

hob 1 X 10 ® mhos 


Grounded Emitter 
hie 1500 ohms 

h.e 11 X 10-* 

hte 50 

hoe 50 X 10-“ 


The h parameters at other bias conditions are shown by Figure 14. 



COLLECTOR VOLTAGE (Vcb' VOLTS 



FIGURE 14 
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With transistors used as radio frequency amplifiers, it is necessary to specify a 
transformer coupled power gain as indicated in Figure 15. The power gain is the ratio 
of output power to input power under conditions where the input and output im¬ 
pedances are matched by means of the transformers. The input and output impedances 
must also be specified to select the proper transformer. 



Another common transistor specification is the alpha cut-off frequency. This is the 
frequency at which the grounded base current gain has decreased to 0.7 of its low 
frequency value. For audio transistors, the alpha cut-off frequency is in the region of 
1 me. For transistors used in the rf section of radios, the alpha cut-off frequency 
should be 3 to 15 mcs. Other examples of transistor specifications are shown on the 
specification sheets starting on page 110. 

RECTIFIER CONSTRUCTION 

Germanium and Silicon rectifiers are two-element semiconductor devices con¬ 
structed around the single P-N junction described earlier in Figures 1, 2 and 3. Because 
of their inherently low forward resistance and high reverse resistance, these devices 
are widely used for converting alternating current to direct current, to block reverse 
currents in control circuits, and to increase the power gain of magnetic amplifiers 
through the effects of self-saturation. 

Rectifiers are generally designed to handle power rather than small signals, and 
sizeable currents in addition to high voltages. These capabilities are attained through 
use of large cross-sectional area junctions and efficient means for dissipating heat 
losses, such as fins, heat sinks, etc. 

A section through a typical low power germanium rectifier is shown in Figure 16. 
The germanium pellet, which is soldered to the base disc, is approximately 1/16 inch 
square. Yet the junction of this germanium pellet with the indium alloy can rectify 
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over 1/4 ampere at room temperature and block voltages in the reverse direction up 
to 300 volts peak. This latter rating is called the “Peak Inverse Voltage of the cell. 
When this same cell is mounted on a 1-1/2 inch square fin as shown in Figure 17, its 
current carrying capabilities are increased to over 3/4 ampere at room temperature. 


FIGURE 17 

Germanium rectifiers of this type offer outstanding advantages over other tyi)es of 
rectifiers: 

1 . Low forward drop, unexcelled by any other type of rectifier with the same 
inverse voltage rating. 

2. Reverse resistance so high as to be negligible for most applications. 

3. No aging, and therefore indefinitely long life. Also, no filament to burn out. 

4. No junction forming required ... it is always ready to function after prolonged 
idleness. 

5. Withstands corrosive atmospheres and fluids ... the junction is protected by a 
welded hermetic seal. 

6 . Wide temperature range, from to as high as -1-85°C. 

7. Ability to withstand shock and vibration ... no moving parts, flimsy supports, 
or sensitive filament. 



When ambient temperatures exceed 85°C, or when extremely low reverse currents 
are required, the silicon rectifier shown in cross-section in Figure 18 carj be used. In 
outward appearance, the silicon rectifier looks identical to the germanium rectifier. 
However, instead of a germanium-indium junction inside, this cell employs the junction 
of a piece of aluminum wire alloyed into a wafer of the metal sihcon. This device can 
operate in ambients up to 165°C and can handle currents up to 3/4 ampere at room 
temperature. Whereas its forward resistance is approximately 40% higher than a 
germanium device of the same rating, its reverse leakage current may be several 
hundred times less than a comparable germanium cell. It too can be moimted on a fin 
for higher current rating. 
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BIASING 


A major problem with transistor amplifiers is establishing and maintaining the 
proper collector to emitter voltage and collector current (called biasing conditions) 
in the circuit. These biasing conditions must be maintained despite variations in 
ambient temperature and variations of gain and leakage current between transistors 
of the same classification. 

If the current gain (hpE) of a transistor was constant with temperature and the 
leakage current was neghgible, it would be possible to set up the bias conditions by 
feeding a base current of the proper magnitude into the transistor as indicated by 
Figure 19. 


FIGURE 19 

The collector current that flows is equal to Afe ^. This type of biasing is extremely 

X\l 

dependent upon the hpE of the transistor and is not recommended except in cases 
where the biasing resistance can be individually adjusted for optimum results. 

In general, it is necessary to use some type of feedback circuit so that the bias 
conditions of the transistor tend to be relatively independent of the transistor param¬ 
eters. The use of an emitter resistor will provide feedback to stabilize the operating 
point. This type of biasing is shown by Figure 20. 


"blN—I 


ERz 

Re( R|'bR2 ^ 




FIGURE 20 
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A voltage divider consisting of resistors Ri and R 2 is connected to the base and the 
resistance Re is placed in the emitter. Since the emitter junction is forward biased, 
the current that flows in the emitter circuit is essentially equal to the voltage at the 
base divided by Re. To prevent degeneration of the a-c signal to be amplified, the 
emitter resistance is by-passed with a large capacitance. Good design practice is to 
make R 2 no larger than 5 to 10 times Re. A typical value of Re is 500-1000 ohms. The 
method outhned above does not consider the variations of base to emitter voltage drop 
or the variations of leakage current with temperature. A more general approach to 
the biasing problem is to consider the circuit of Figure 21. 



FIGURE 21 


From this general circuit, the following equations can be derived: 

Vb = [(1 — «) Rb -|- Re] Ib -f- Vbe — IcoRb 
Vbb is the base to emitter voltage drop at the specified biasing point. At 25°C this 
is 0.2 volts for germanium and 0.7 volts for silicon. At higher temperatures, Vbb is 
—0.1 for germanium and 0.5 for silicon. If the minimum acceptable emitter current, 
minimum alpha, maximum emitter current and maximum alpha and maximum leakage 
current are known, the following equation can be derived for the value of Rb: 

- Ib"'") Re -I- yBB*"*- - Vbb"*’*" 

~ Ico”*"- (1 Ie”*" ■+■ (1 Ie”*” 

As an example, consider the 2N525 transistor with the following characteristics 
used in a typical circuit: 


E = 20 volts 

Rl = 8.2 K ohms 

Ico™”* = 100 /uamp 55°C 

h max _ fic* 

PE — 00 , a — 
hpE”’" = 30, 

Vbb”“" = 0.2, Vbb”*" = -0.1 
Desired Ie"‘“’" = 1.24 ma 
Desired Ie”‘" = 0.81 

Substituting these values into the equation and assuming various Re’s gives the 
following results for Rb: 

for Re = Ik, Rb = 1.2k 
Re - 2.2k, Rb = 5.8k 
Re = 3.3k, Rb = 10k 
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By substituting the value of Rb into the original equation, a value of Vb can be 
obtained. For example, using a 3.3K emitter resistance and a lOK value of Rb, the 
value of Vb equals 3.1 volts. Transforming from Vb and Rb to a more practical voltage 
divider type biasing is done with the equations in Figure 22. 



FIGURE 22 

By use of the above approach, it is possible to design a bias circuit which will 
accommodate all the variations of the transistor and maintain the bias points within 
the value desired. 
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SINGLE STAGE AUDIO AMPLIFIER 

Figure 23 shows a typical single stage audio amplifier using a 2N190 PNP 
transistor. 



SINGLE STAGE AUDIO AMPUFIER 

FIGURE 23 

With the resistance values shown, the bias conditions on the transistor are 1 ma 
of collector current and six volts from collector to emitter. At frequencies at 
which Cl provides good by-passing, the input resistance is given by the formula: 
Rin = (1 + h(e) hib. At 1 ma for a design center 2N190, the input resistance would 
be 37 X 30 or about 1100 ohms. 

c Rl 

The a-c voltage gain—^is approximately equal to , ^ For the circuit shown this 

ein tlib 

would be-^^^or approximately 167. 
oU 

The frequency at which the voltage gain is down 3 db from the 1 Kc value 
depends on rg. This frequency is given approximately by the formula: 

TWO STAGE R-C COUPLED AMPLIFIER 

The circuit of a two stage R-C coupled amplifier is shown by Figure 24. The 
input impedance is the same as the single stage amplifier and would be ap¬ 
proximately 1100 ohms. 



FIGURE 24 
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The load resistance for the first stage is now the input impedance of the second 
stage. The voltage gain is given approximately by the formula: 


Av^h,,RL 

hib 


More exact formulas for the performance of audio amplifiers may be found in 
the Reading List at the end of this manual. 

CLASS B PUSH-PULL OUTPUT STAGES 

In the majority of applications, the output power is specified so a design will 
usually begin at this point. The circuit of a typical push-pull Class B output stage is 
shown in Figure 25. 



FIGURE 25 

The voltage divider consisting of resistor, R and the 47 ohm resistor gives a slight 
forward bias on the transistors to prevent cross-over distortion. Usually about 1/10 of 
a volt is sufficient to prevent cross-over distortion and under these conditions, the 
no-signal total collector current is about 1.5 ma. The 8.2 ohm resistors in the emitter 
leads stabilize the transistors so they will not go into thermal runaway when the j\mc- 
tion temperature rises to 60 °C. Typical collector characteristics with a load line are 
shown below: 


COLLECTOR CURRENT 



NO SIGNAL OPERATING 
^ POINT 


COLLECTOR VOLTAGE 


FIGURE 26 


It can be shown that the maximmn a-c output power without clipping using a push- 
pull stage is given by the formula: 

I max _ Ec 

ITout “ 2 

Since the load resistance is equal to 


Rr,= 
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and the collector to collector impedance is four times the load resistance per collector, 
the output power is given by the formula: 


Po = 


2 Ec^ 
Rc-c 


( 1 ) 


Thus, for a specified output power and supply voltage the collector to collector load 
resistance can be determined. For output powers in the order of 50 mw to 750 mw, 
the load impedance is so low that it is essentially a short circuit compared to the out¬ 
put impedance of the transistors. Thus, unlike small signal amplifiers, no attempt is 
made to match the output impedance of transistors in power output stages. 

The power gain is given by the formula: 

. Pout _ lo^ Rl 

PoAvcr Ob-iii -p - T 2 p 

Ain lin lAin 


Since Jo_ is equal to the current gain, Beta, for small load resistance, the power gain 

I.n 

formula can be written as: 


P. G. 


2 Rc-c 
Rb-b 


( 2 ) 


where Rc-c = collector to collector load resistance. 


Rb-b = base to base input resistance. 
j8 grounded emitter current gain. 

Since the load resistance is determined by the required maximum undistorted output 
power, the power gain can be written in terms of the maximum output power by com¬ 
bining equations (1) and (2) to give: 


P. G.= 


2)3=‘E"c 
Rb-b Pout 


(3) 


CLASS A OUTPUT STAGES 

A Class A output stage is biased as shown on the collector characteristics below: 



FIGURE 27 


The operating point is chosen so that the output signal can swing equally in the posi¬ 
tive and negative direction. The maximum output power without clipping is equal to: 


Pou 


t 


Ec Ic 


2 


The load resistance is then given by the formula: 
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Combining these two equations, the load resistance can be expressed in terms of the 
supply voltage and power output by the formula below: 


Rl 



(4) 


For output powers of 10 mw and above, the load resistance is very small compared to 
the transistor output impedance and the current gain of the transistor is essentially the 
short circuit current gain Beta. Thus for a Class A output stage the power gain is given 
by the formula: 


P. G. = 


0 ^ Rl 
R in 


2 R1 n P o 


(5) 


M 


CLASS A DRIVER STAGES 


For a required output power of 250 mw, the typical gain for a push-pull output 
stage would be in the order of 23 db. Thus the input power to the output stage would 
be about 1 to 2 mw. The load resistance of a Class A driver stage is then determined 
by the power that must be furnished to the output stage and this load resistance is 
given by equation (4). For output powers in the order of a few milliwatts, the load 
resistance is not negligible in comparison to the output impedance of the transistors, 
therefore, more exact equations must be used to determine the power gain of a Class A 
driver stage. From four terminal network theory, after making appropriate approxima¬ 
tions, it can be shown that the voltage gain is given by the formula: 



( 6 ) 


where hib = grounded base input impedance. 
The current gain is given by the formula: 


- 1 _ „ (7) 

where hob = grounded base output conductance. 

The power gain is the product of the current gain and the voltage gain, thus unlike 
the formula for high power output stages, there is no simple relationship between 
required output power and power gain for a Class A driver amplifier. 




DESIGN CHARTS 

Figures 28 through 36 are design charts for determination of transformer imped¬ 
ances and typical power gains for Class A driver stages. Class A output stages, and 
Class B push-pull stages. Their use can be best understood by working through a 
typical example. It will be assumed that it is desired to design a driver and push-pull 
amplifier capable of delivering a 250 mw with a 9 volt supply. Using Figure 28, for 
250 mw of undistorted output power, the required collector to collector load resistance 
is 450 ohms. From Figure 30 using a typical 2N187, the power gain is 22.5 db. In 
numerical terms, a power gain of 22.5 db is 178. Therefore, the required input power 
to the driver stage would be: 

250 

Pm _ 

or 1.4 mw. Assuming about 70% efficiency in the transformers, the required output 
power of the driver stage will be 2 mw. From Figure 32, for 2 mw of undistorted out¬ 
put power, the load resistance is slightly over 10,000 ohms so a 10,000 ohm trans¬ 
former could be used. From Figure 35 assuming a 2N191 driver transistor, the power 
gain is 41 db. The typical power gain of the two stages using a 2N191 driver and 
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FIGURE 29 





































MAXIMUM UNDISTORTED POWER OUTPUT-MILLIWATTS 
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POWER GAIN-DECIBELS 


FIGURE 30 



POWER GAIN DECIBELS 


FIGURE 31 







MAXIMUM UNDISTORTED POWER OUTPUT MAXIMUM UNDISTORTED POWER OUTPUT MILLIWATTS 


BASIC AMPLIFIERS 



IK lOK lOOK 

COLLECTOR LOAD RESISTANCE OHMS 

FIGURE 32 



COLLECTOR LOAD RESISTANCE OHMS 
FIGURE 33 
24 













































AMPLIFIER CIRCUIT DIAGRAMS 



SIMPLE AUDIO AMPUFIER 
FIGURE 37 



DIRECT COUPLED “BATTERY SAVER” AMPUFIER 
FIGURE 38 



CODE PRACTICE OSCILLATOR 
FIGURE 39 




















FREQUENCY RESPONSE 
OF FOUR TRANSISTOR AMPLIFIER 

MAXIMUM BASS POSITION - 

MAXIMUM TREBLE POSITION. 

+5 

0 

db -5 
-10 
-15 

10 10 ® 10 ’ 10 * 
AMPLIFIER LOADED WITH 3.2 A VOICE 
COIL SPEAKER RESONANCE @ 130 CPS 



R|,-5000 OHM VOLUME CONTROL 

1/2 W AUDIO TAPER R|3,-47 OHM 

R2,-150,000 OHM R|4. R|5,-8.2 OHM 

R3,-470,000 OHM 

R4.-10.000 OHM 

Re. R9,—4700 OHM 

R7,-1000 OHM 

RS.-33,000 OHM 

R||,-25,000 OHM Linear 

R|2,-220 OHM 

Rg.RlO—470 OHM 


MAXIMUM POWER OUTPUT: .75 WATTS 
MAXIMUM POWER OUT AT 10% HARMONIC 
DISTORTION : .45 WATTS 

DISTORTION AT 100 MILLIWATTS 
AT 100 C/S : 57o 
AT 1000 C/S ; 2% 

AT 5000 C/S ; 5% 

SENSITIVITY FOR 50 MILLIWATTS REFERENCE 
POWER output: CRYSTAL CARTRIDGE : 150 MV. 

MAGNETIC PICK UP : 2 M V. 


C|,C3,C7,C8,— 50/if d 

C2. Cg,-50/if d 

C4,-15/ifd 

C5,-.02/if d 

TR|,TR2.-G.E. 2NI91 OR 2N323 

TR3,TR4,-G.E. 2NI88A OR 2N320 

*T|,-4K/2.6K CT. 

*T2,-200ft C.T./VC. 

* FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


FOUR TRANSISTOR PHONO AMPUFIER 
FIGURE 42 
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R2 

rA/W-| 

TRI 

'-<S" 




R|-10,000 OHMS 

Ra-150,000 OHMS 

R 3 -6800 OHMS 

R 4 -50,000 OHMS 

BASS LINEAR 

R 5 -1000 OHMS 

Re—-10,000 OHMS 

R 7 -100,000 OHMS 

Re-50,000 OHMS 

TREBLE LINEAR 

R 9 -10,000 OHMS 

TAPER AUDIO V.C. 
R |0 -220,000 OHMS 


R|l-2200 OHMS 

R|2-4700 OHMS 

R|3-33,000 OHMS 

R|4-47,000 OHMS 

R|5-1500 OHMS 

R|6- 330 OHMS 

R|7-220 OHMS 

R|g-1200 OHMS 

R|9-33 OHMS 


TR|,TR 2 .TR 3 -GE2N323 

TR 4 ,TR 5 -GE2N32I(WITH CLIP-ON HEATSINK) 


C|-Bmtd 

C2-.50 

C3-,02 

C4-.20 

C5-.005 

Ce-.10 

C7-lOmfd 

Ce-lOmfd 

C9-50mfd 

C|o-50mfd 

C| I-50mfd 


PERFORMANCE DATA = 

MAXIMUM POWER 

OUTPUT-1.00 WATTS 

MAXIMUM POWER 
OUTPUT® 10% 

DISTORTION- .75 WATTS 

DISTORTION AT 
100 MILLIWATTS •• 

60 c/s-3.0 % 

lOOOc/s-1.5% 

5000C/S-3.0% 

SENSITIVITY FOR 50 
MILLIWATTS REFERENCE 
POWER OUTPUT 

(CRYSTAL CARTRIDGE)-3.8mv 


*72 lOOnC.T/VC. 


XC FOR FURTHER INFORMATION SEE PAGE 167 


FIVE TRANSISTOR AUDIO AMPUFIER 
FIGURE 43 
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“HI-FI ” CIRCUITS 


Transistors are ideally suited for Hi-Fi amplifiers since there is no problem with 
microphonics or hum pick-up from filaments as there is with tubes. Transistors are 
inherently low impedance devices and thus offer better matching to magnetic pick-ups 
and loudspeakers for more efficient power transfer. 

Transistor circuits with negative feedback can give the wide frequency response 
and low distortion needed in hi-fi equipment. 

PREAMPLIFIERS 

Preamplifiers have two major functions (1) increasing the signal level from a 
pick-up device to 1 or 2 volts rms, and (2) providing compensation if required to 
equalize the input signal for a constant output with frequency. 

The circuit of Figure 44 meets these requirements when the pick-up device is a 
variable reluctance phono cartridge such as the General Electric VRII, or a tape head. 

TAPE 



This preamp will accommodate most magnetic pick-up impedances. The input 
impedance to the preamp increases with frequency because of the frequency selective 
negative feedback to the emitter of TRl. The impedance of the magnetic pick-ups 
wiU also increase with frequency but are below that of the preamp. 

The first two stages of this circuit have a feedback bias arrangement for cmrent 
stabilization of both stages. The 330K from the emitter of TR2 provides this DC 
ciurrent feedback to the base of TRl. The output stage is well stabilized with a 5K 
emitter resistance. 

The AC negative feedback from the collector of TR2 to the emitter of TRl is fre¬ 
quency selective to compensate for the standard NARTB recording characteristic for 
tape or the standard RIAA for phonograph records. The fiat response from a standard 
NARTB pre-recorded tape occurs with the tone control (R12) at mid-position or 12K 
ohms. (See Figure 45.) There is 7 to 8 db of treble boost with the control at 25K 
maximum position, and approximately 20 db of treble cut with R12=i0. Mid-position 
of the tone control also gives fiat response from a standard RIAA recording. 
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40 iOO IKC iO ISKC 

TAPE PREAMPLIFIER RESPONSE FROM NARTB RECORDING 


FIGURE 45 

The voltage feedback from the collector of TR2 decreases at low frequencies 
because of the increasing reactance of the feedback capacitor in series with the tone 
control. Each of the two feedback networks give the desired increase in gain at the 
lower frequencies to accomplish the correct compensation. If this feedback capacitor 
were shunted by an electrolytic capacitor, the preamplifier would give constant gain 
at all frequencies (in the “Tape” switch position). This gain is determined by R12/R1. 

The RIAA feedback network (with tone control at mid-position) has a net feedback 
resistance of 6K to decrease the gain because of the higher level input. This resistance 
has a .01 ni capacitor in parallel for decreasing the amplifier gain at the higher 
lg frequencies in accordance with RIAA requirements. This eliminates the need to load 
a reluctance pick-up with the proper resistance for high frequency compensation. If 
it is desirable to build the preamplifier for phonograph use only, the compensating 
feedback network would consist only of a .04 fxi feedback capacitor in series with a 6K 
11 resistor (or a lOK Tone control) which has a .01 /if capacitor in parallel. 

The emitter-follower output stage of the preamp gives a low impedance output for 
a cable run to a power amplifier, and acts as a buffer so that any preamp loading will 
gi not affect the equalization characteristic. 

The Tone control should have a linear taper and the Volume control an audio 
taper. Two 9 volt batteries wll give good life in this application since the total supply 
drain is approximately 3.5 ma DC. This 18 volts may also be obtained by suitable 
* decoupling from a higher voltage supply that is available. 


HYBRID PREAMPLIFIER 

fH The hybrid preamplifier circuit of Figure 46 uses a similar feedback equalization 

technique to that of Figure 44. There is a small amount of treble boost above 10 KC 
due to the .01 /itf capacitor from the 12AX7 cathode to ground. The Treble Control is 
^ set at the same position (R4 = 20K) for a compensated output from a standard RIAA 
recording or an NARTB recorded tape. 

The 2N508 transistor is biased at approximately .7 ma from a constant current 
source for good current stability with temperature and transistor interchangeability. R1 
^ biases the base for the desired Vce, and since this bias is taken from the collector, the 


31 



“HI-FI” CIRCUITS 



HYBRID PHONO-TAPE PREAMPUFIER 
FIGURE 46 

d-c feedback helps to keep Vcb in the range of 1 to 5 volts. This voltage varies vv^ith 
leakage current of Cl and with hrE for different transistors. This range of Vcb bias 
has little effect on the operation of the preamplifier. 

The standard reference level for S/N (signal-to-noise) measurements in tape 
recording is the maximum level at which a 400 cycle signal can be recorded at 2% 
harmonic distortion. The hybrid preamplifier of Figure 46 is capable of a S/N in 
excess of 60 db. The signal output from this reference level is approximately 1.5 volts. 
The variation of treble equalization for tape is shown in Figure 47. 



ICX) IKC 10 15KC 


FIGURE 47 

A dual preamp for a stereophonic disc or tape system could be built with two 
identical preamps as in Figure 46, using only one tube (12AX7) and two transistors 
(2N508). 


TONE CONTROLS 

Tone control circuits for transistor amplifiers are somewhat different than con¬ 
ventional vacuum tube tone controls since the impedance levels in transistor circuits 
are lower. A satisfactory bass and treble tone control for use between transistor stages 
is shown by Figure 48. * 

* “Transistor Electronics,” Lo, Endres et al (Prentice-Hall). 
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The action of the tone controls is easily understood if they are considered as 
current transfer networks rather than voltage transfer networks as in vacuum tube 
amplifiers. The output current from the preceding stage goes to the volume control 
where part of it is shunted to ground and the rest goes to the junction of the 0.02 /^fd 
and 0.2 ^fd capacitors and the center arms of the potentiometers. At 1000 cycles, the 
equivalent circuit of the tone controls is very simple, as shown in Figure 49(A). At this 
frequency, the current is divided so that 10/llths of the current is shunted to ground 
and 1/11th goes on to the next transistor. The low-frequency equivalent circuit for the 
“bass boost” condition is shown in Figure 49(B). With the movable arm of the potenti¬ 
ometer near the top, the 0.02 ,u.fd capacitor is bypassed and more of the current is 
shunted into the 10,000 ohm resistor as the impedance of the 0.2 /ufd capacitor rises 
at low frequencies. 

The high-frequency equivalent circuit of the tone control is shown in Figure 49(C) 
for the “treble cut” condition. Depending on the potentiometer setting, most of the 
higher frequencies will be shunted to ground as compared to a 1000 cycle signal. 
With the potentiometer arm at the top, the higher frequency current would bypass 
the 10,000 ohm resistor and a treble boost would be achieved. 

The performance of the tone control is shown by Figure 50. 


lOK 


lOK 



lOK 



(A) A I KC EQUIVALENT CIRCUIT. (B) LOW-FREQUENCY EQUIVALENT 
CIRCUIT, AND (C) THE EQUIVALENT CIRCUIT AT HIGH FREQUENCIES. 


FIGURE 49 
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POWER AMPLIFIERS 

A great deal of efiFort has gone into developing transformerless push-pull amplifiers 
using vacuum tubes. Practical circuits, however, use many power tubes in parallel to 
provide the high cmrents necessary for direct driving of low impedance loudspeakers. 

The advent of power transistors has given new impetus to the development of 
transformerless circuits since the transistors are basically low# voltage, high current 
devices. The emitter follower stage, in particular, ofiFers the most interesting possi¬ 
bilities since it has low inherent distortion and low output impedance. 



Figure 51 is a direct coupled power amplifier with excellent low frequency response, 
and also has the advantage of a feedback arrangement for current stabilization of all 
stages. The feedback system also stabilizes the voltage division across the power output 
transistors TR4 and TR6 which operate in a Class B push-pull arrangement. TR3 and 
TR5 also operate Class B in the Darlington connection to increase the current gain. 
Using an NPN for TR5 gives the required phase inversion for driving TR6 and also 
has the advantage of push-pull emitter follower operation. TR4 and TR6 have a small 
forward bias to minimize crossover distortion. This bias is set by the voltage drop 
across the IK resistors that shunt the input to TR4 and TR6. TR3 and TR5 are biased 
for the same reason with the voltage drop across the 1N91. A 68 ohm resistor would 
serve the same function as the 1N91 except there would be no temperature compensa¬ 
tion. Thermistors have also been used to compensate for the temperatmre variation of 
the emitter-base resistance, but they do not track this variation as well as a germanium 
junction diode which has temperature characteristics similar to the transistor. 
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TR2 is a Class A driver requiring a very low impedance drive which is accomplished 
by an emitter follower TRl. TRl needs a current source for low distortion thus R1 
and the Level Control supply the desired drive impedance. The Level Control should 
be set for a value of approximately IK ohms when this amplifier is driven by the 
preamplifier of Figure 44. This will permit the amplifier to be driven to full output. 
TRl has an emitter current of .8 to 1 ma, and TR2 has a 2.5 to 3 ma bias. 

The bias adjuster R2 is set for one-half the supply voltage across TR6. TR4 and TR6 
have a beta cut-off at approximately 7Kc. The phase shift and drop in beta gives rise 
to a decline in transistor efficiency which causes an elevation of junction temperature. 
To help stabilize this runaway condition, the higher frequency drive has been decreased 
by the .005 /if capacitors in parallel with the IK ohm drive resistors. This reduces the 
drive by 3 db at 30 Kc. The .001 /if feedback from collector to base of TR2 also aids 
in this stabilization by reducing the high frequency gain of this stage. The 220 /i/if 
capacitor shunting the bias network further aids the stabilization of the amplifier 
with high frequency negative feedback from output to input. This circuit has approxi¬ 
mately 17 db of overall voltage feedback with the 20K resistor from load to input. The 
output to speaker is shunted by 22 ohms in series with .2 /if to prevent the continued 
rise of speaker impedance and its accompanying phase shift beyond the audio spectrum. 

The overall result, from using direct coupling, no transformers, and ample degenera¬ 
tion, is an amplifier with output impedance less than one ohm for good speaker 
damping, and very low total harmonic distortion. The frequency response at 100 
milliwatts is flat over the audio spectrum. When checking for maximum power out 
at the higher frequencies, a sine wave can be applied only for a short duration before 
sufficient heating for runaway results as indicated above. To protect the power tran¬ 
sistors, a current meter should be used in series with the voltage supply for quick, visual 
indication of runaway while checking power output above approximately 2Kc. There 
is not sufficient sustained high frequency power in regular program material to precipi¬ 
tate this instability. Thus the actual performance of the amplifier does not suffer since 
the power level in music and speech declines as the frequency increases beyond 
about IKc. 

This amplifier is capable of a 5 watt output with less than 1% harmonic distortion 
into a 4, 8 or 16 ohm speaker when used with the power supply of Figure 153, page 108. 

The power transistors TR4 and TR6 should be mounted on an adequate heat 
radiator such as used for transistor output in an automobile radio, or mounted on a 
3" X 4" X Vs" aluminum plate. 


m 


STEREOPHONIC TAPE SYSTEM 

A complete semiconductor, stereophonic tape playback system may be assembled 
by using the following circuits in conjunction with a stereophonic tape deck. 



SPEAKER 


BLOCK DIAGRAM OF STEREOPHONIC TAPE SYSTEM 

FIGURE 52 
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Two identical tape preamplifier circuits can use a common 18 volt battery supply. 
The circuitry of Figure 44 may be used with the switch and RIAA network eliminated 
if the preamps are to be used for tape only. 

The output of each preamp is fed to a power amplifier as indicated in Figure 52. 
Two identical power amplifiers with circuitry as in Figure 51 can use a common power 
supply as shown in Figure 154, page 108. The output coupling capacitor of the pre¬ 
amps may be eliminated when fed to an amplifier with an input coupling capacitor 
as in Figure 51. The output of each amplifier fed to its respective speaker completes 
the stereo system as shown in Figure 52. 

A dual 10 watt stereo system consists of two identical amplifiers with circuitry of 
Figure 53 using the common power supply of Figure 155, page 109. This power supply 
has separate decoupled outputs for each amplifier. The INI 115 rectifiers should be 
mounted on a metal chassis with the electrically insulating mounting kit provided with 
each unit. The stereo system uses the same tape preamplifiers as that of Figure 52. 



TEN WATT POWER AMPUFIER 

FIGURE 53 

The power amplifier of Figure 53 is the same circuit as Figure 51 except for the 
transistors which have a higher voltage rating. This amplifier with the power supply of 
Figure 155, page 109, is capable of a 10 watt output with very low distortion into an 
8 or 16 ohm speaker. 

HI-FI CIRCUIT DIAGRAMS 



NPN PREAMPUF/ER FOR MAGNETIC PICKUPS 
FIGURE 54 


36 




K m t ■ ft Kiftftftiftftftftft 


C/J 



R,-2700 OHM 

Rg R6,R|4R|8“ 180,000 OHM (SEE NOTE) 

f’s, 15,-15,000 OHM 

R 4 ,-2200 OHM 

RS^-22,000 OHM 

R 7 -8200 OHM 

Rg-220 OHM 

Rg’-VOLUME CONTROL 

160,000 OHM 1/2 W AUDIO TAPER 

^10 -50,000 OHM, LWEAR TAPER 

Rll^-1000 OHM 

f*l2,f’l9,-10,000 OHM 


R|g- 6800 OHM 

R| 7 ^- 1800 OHM 

R 20 ,- 100 OHM 

Ol, 02,05^ C iqC 11^ C|3^- 5Mfd 

C3_ C 12,-50/i fd 

C4^-015m fd 

Ce, -.02m fd 

Cj^ -.2m fd 

-,OlMfd 

POT C9_-.1 Mfd 

TR,,TR2 TRjTR^^-GE 2NI90 


note: 

HIGHER OR LOWER VALUES MAY BE NECESSARY DEPENDING ON TRANSISTORS 
AND SUPPLY VOLTAGE. SELECT RESISTORS SO THAT COLLECTOR TO EMITTER 
D-C VOLTAGE IS 4 TO 8 VOLTS. 


PREAMPUF/ER AND DRIVER 

FIGURE 55 
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TO POWER AMPUFIER 


RADIO CIRCUITS 


AUTODYNE CONVERTER CIRCUITS 

The converter stage of a transistor radio is a combination of a local oscillator, a 
mixer and an IF amplifier. A typical circuit for this stage is shown in Figure 56. 

I5K:500Q 



FOR ADDITIONAL INFORMATION SEE PAGE 167 


AUTODYNE CONVERTER 

FIGURE 56 


Redrawing the circuit to illustrate the oscillator and mixer sections separately, we 
obtain Figures 57A and STB. 



FIGURE 57A 

The operation of the oscillator section (57A) is as follows: 

Random noise produces a slight variation in base current which is subsequently 
amplified to a larger variation of collector current. This A.C. signal in the primary of 
L 2 induces an A.C. current into the secondary of L 2 tuned by Cb to the desired 
oscillator frequency. C 2 then couples the resonant frequency signal back into the 
emitter circuit. If the feedback (tickler) winding of L 2 is properly phased the feedback 
will be positive (regenerative) and of proper magnitude to cause sustained oscillations. 
The secondary of L 2 is an auto-transformer to achieve proper impedance match be¬ 
tween the high impedance tank circuit of L 2 and the relatively low impedance of the 
emitter circuit. 
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Cl effectively bypasses the biasing resistors R 2 and Rs to ground, thus the base is 
A.C. grounded. In other words, the oscillator section operates essentially in the 
grounded base configuration. 

The operation of the mixer section (57B) is as follows: 

The ferrite rod antenna Li exposed to the radiation field of the entire frequency 
spectrum is tuned by Ca to the desired frequency (broadcast station). 

The transistor is being biased in a relatively low current region, thus exhibiting 
quite non-linear characteristics. This enables the incoming signal to mix with the 
oscillator signal present, creating signals of the following four frequencies: 

1. The local oscillator signal. 

2. The received incoming signal. 

3. The sum of the above two. 

4. The difference between the above two. 

The IF load impedance Ti is tuned here to the difference between the oscillator 
and incoming signal frequencies. This frequency is called the intermediate frequency 
(I.F.) and is conventially 455 KC/S. This frequency will be maintained fixed since Ca 
and Cb are mechanically geared (ganged) together. R 4 and C 3 make up a filter to pre¬ 
vent undesirable currents to flow through the collector circuit. C 2 essentially bypasses 
the biasing and stabilizing resistor Ri to ground. Since the emitter is grounded and 
the incoming signal injected into the base, the mixer section operates in the “grounded 
emitter” configuration. 

IF AMPLIFIERS 

A typical circuit for a transistor IF amplifier is shown by Figure 58. 



The collector current is determined by a voltage divider on the base and a large 
resistance in the emitter. The input and output are coupled by means of tuned IF 
transformers. The .05 capacitors are used to prevent degeneration by the resistance 
in the emitter. The collector of the transistor is connected to a tap on the output 
transformer to provide proper matching for the transistor and also to make the per¬ 
formance of the stage relatively independent of variations between transistors of the 
same type. With a rate-grown NPN transistor such as the 2N293, it is unnecessary 
to use neutralization to obtain a stable IF amplifier. With PNP alloy transistors, it 
is necessary to use neutralization to obtain a stable amplifier and the neutralization 
capacitor depends on the collector capacitance of the transistor. The gain of a tran¬ 
sistor IF amplifier will decrease if the emitter current is decreased. This property 
of the transistor can be used to control the gain of the IF amplifier so that weak 
stations and strong stations will produce the same audio output from a radio. Typical 
circuits for changing the gain of an IF amplifier in accordance with the strength 
of the received signal are explained in the A.V.C. section of this chapter. 
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AUTOMATIC VOLUME CONTROLS 

A.V.C. is a system which automatically varies the total amplification of the signal 
in a radio receiver with changing strength of the received signal carrier wave. 

From the definition given, it would be correctly inferred that a more exact term 
to describe the system would be automatic gain control (A.G.C.). 

Since broadcast stations are at different distances from a receiver and there is a 
great deal of variation in transmitted power from station-to-station, the field strength 
around a receiver can vary by several orders of magnitude. Thus, without some sort 
of automatic control circuit, the output power of the receiver would vary considerably 
when tuning through the frequency band. It is the purpose of the A.V.C. or A.G.C. 
circuit to maintain the output power of the receiver constant for large variations of 
signal strengths. 

Another important purpose of this circuit is its so-called “anti-fading” properties. 
The received signal strength from a distant station depends on the phase and amplitude 
relationship of the ground wave and the sky wave. With atmospheric changes this 
relationship can change, yielding a net variation in signal strength. Since these changes 
may be of periodic and/or temporary nature, the A.V.C. system will maintain the 
average output power constant without constantly adjusting the volume control. 

The A.V.C. system consists of taking, at the detector, a voltage proportional to the 
incoming carrier amplitude and applying it as a negative bias to the controlled amplifier 
thereby reducing its gain. 

In tube circuits the control voltage is a negative going DC grid voltage creating 
a loss in transconductance (Cm). 

In transistor circuits various types of A.V.C. schemes can be used: 

EMITTER CURRENT CONTROL 

As the emitter current of a transistor is reduced (from 1.0 ma to .1 ma for instance) 
various parameters change considerably (see Figure 59). 



The effect of these changes will be twofold: 

1. A change in maximum available gain and 

2. A change in impedance matching since it can be seen that both hub 
and hib vary radically. 

Therefore, a considerable change in power gain can be obtained as shown by Figure 60. 
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POWER OUTPUT IN DB 


RADIO CIRCUITS 


db 



On the other hand, as a result of Ico (collector leakage current) some 
current always flows, thus a transistor can be controlled only up to a 
point and cannot be “cut-off” completely. This system yields generally 
•I fair control and is, therefore, used more than others. For performance 

data see Figure 61. 


EMITTER CURRENT 
PLUS AUXILIARY A.V.C DIODE 



FIGURE 61 


AUXILIARY A.V.C. SYSTEMS 

Since most A.V.C. systems are somewhat limited in performance, to 
obtain improved control, auxiliary diode A.V.C. is sometimes used. 
The technique used is to shunt some of the signal to ground when 
operating at high signal levels, as shown by Figure 62. 
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In the circuit of Figure 62 diode CRi is back-biased by the voltage drops across 
Ri and R 2 and represents a high impedance across Ti at low signal levels. As the signal 
strength increases, the conventional emitter current control A.V.C. system creates a 
bias change reducing the emitter current of the controlled stage. This current reduction 
coupled with the ensuing impedance mismatch creates a power gain loss in the stage. 
As the current is further reduced, the voltage drop across R 2 becomes smaller thus 
changing the bias across CRi. At a predetermined level CRi becomes forward biased, 
constituting a low impedance shunt across Ti and creating a great deal of additional 
A.V.C. action. This system will generally handle high signal strengths as can be seen 
from Figure 61. Hence, almost all radio circuit diagrams in the circuit section of this 
manual use this system in addition to the conventional emitter current control. 

“TETRODE” OR BASE #2 CONTROL 

In tetrode transistor amplifiers the high frequency gain of the transistor 
depends on the base-to-base bias voltage, varying the latter will give 
good gain control. For circuit see Figure 63. 




REFLEX CIRCUITS 


“A reflex amplifier is one which is used to amplify at two frequencies — usually 
intermediate and audio frequencies.”* 

The system consists of using an I.F. amplifier stage and after detection to return 
the audio portion to the same stage where it is then amplified again. Since in Figure 64, 



FIGURE 64 

two signals of widely different frequencies are amplified, this does not constitute a 
“regenerative effect” and the input and output loads of these stages can be split audio 
— I.F. loads. In Figure 65, the I.F. signal (455 Kc/s) is fed through T2 to the detector 
circuit CRl, C3 and R5. The detected audio appears across the volume control R5 
and is returned through C4 to the cold side of the secondary of Tl. 



FIGURE 65 

* F. Langford-Smith, Radiotron Designers Handbook, Australia, 1953, p. 1140 












RADIO CIRCUITS 


Since the secondary only consists of a few turns of wire, it is essentially a short 
circuit at audio frequencies. Cl bypasses the I.F. signal otherwise appearing aeross 
the parallel combination of R1 and R2. The emitter resistor R3 is bypassed for both 
audio and I.F. by the electrolytic condenser C2. After amplification, the audio signal 
appears across R4 from where it is then fed to the audio output stage. C5 bypasses R4 
for I.F. frequencies and the primary of T2 is essentially a short circuit for the 
audio signal. 

The advantage of “reflex” circuits is that one stage produces gain otherwise 
requiring two stages with the resulting savings in cost, space, and battery drain. The 
disadvantages of such circuits are that the design is considerably more difficult, 
although once a satisfactory receiver has been designed, no outstanding production 
difficulties should be encountered. Other disadvantages are a somewhat higher amount 
of playthrough (i.e. signal output with volume control at zero setting), and a minimum 
volume effect. The latter is the occurrence of minimum volume at a volume control 
setting slightly higher than zero. At this point, the signal is distorted due to the 
balancing out of the fundamentals from the normal signal and the out-of-phase play- 
through component. Schematics of complete radios are on pages 44 through 55. 

COMPLETE RADIO CIRCUIT DIAGRAMS 


FERRITE CORE 



DIRECT COUPLED VEST POCKET RADIO 
FIGURE 66 



2000TX 

HEAD 

PHONES 


SIMPLE RADIO RECEIVER 

FIGURE 67 



TWO TRANSISTOR RADIO RECEIVER 
FIGURE 68 


44 






L| 



R2- 

R 3 .R 7 " 

R4- 

R5- 

Re- 


R8- 

R9- 

R|0' 


-10,000 OHMS 

-1500 OHMS 

-270 OHMS 

-—33,000 OHMS 

- 2,000 OHMS 

VOLUME CONTROL 

-1000 OHMS 

-4700 OHMS 

-100 OHMS 


C 2 - 

C3- 

C4- 

C 5 - 

C6- 

C7- 

C8- 

C9- 


-.01 fJLi 
-.01 fii 
-.01 fLf 
-.002/if 

- 5/Ltf 

- 50^f 
-.05/i.F 


TR 2 -2NI69 OR 2N168A CR] 1N64G OR EQUIV. 

TR 3 -2N24IA 

T|,—- AUTOMATIC BS72 5G- 

T2-AUTOMATIC BS614& 

NOMINAL sensitivity; 2.0 M 1 LLI VOLTS/METER 


(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 
MAXIMUM POWER OUTPUT ; 75 M I LLI WATTS 
SELECTIVITY AT -6db 10 KC/S 
50/ifd-12V SELECTIVITY AT -60 d b : I 20 KC/S 

TOTAL BATTERY DRAIN! 19MILL1AMPS 


* FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 

THREE TRANSISTOR REFLEX RECEIVER 
FIGURE 69 


RADIO CIRCUITS 



- 1500 OHM 

R2tR5. Ra*-10,000 OHM 

R 3 ,-47,000 OHM 

R 4 .-270 OHM 

Re.- 330 OHM 

- 330,000 OHM 

Rg,- VOLUME CONTROL 

10,000 OHM I/2W AUDIO TAPER 

^\ 0 * - '000 OHM 

-4700 OHM 

r ,2 -100 OHM 


C|, C 4 ,Cg,^^—.02pfd 
02t C 3 , .Olpfd 

O 5 . C||,-50>ufd, 3V 

Cgi-ISjufd, 12V 

C 7 ,-^- 6 /jfd, 6 V 

C 9 , —--50/jfd, 12V 

C|o» . 002 jufd, 

C| 2 » ' O.l/jfd 

TR|,-G.E. 2NI68A CONVERTER 

TR 2 ,-G.E. 2NI68A OR 2NI69 REFLEX 

TR 3 ,-G.E.2N241A AUDIO 


Ll,-435>uhtl0% 

L 2 .-250>jh± 10% 

CR,, CR 2 .-1N64G OR EQUIV. 

ACi-190.61 

K R/C MODEL 242 

AC 2 -89.3 J 

NOMINAL sensitivity: 600 MICROVOLTS/METER 

(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 

MAXIMUM POWER output: 75 MILLIWATTS 

SELECTIVITY AT - 6 db : 10 KC/S 

SELECTIVITY AT -60db : 120 KC/S 

TOTAL BATTERY DRAIN : 17.5 MILLIAMPS 


FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


THREE TRANS/STOR REFLEX RECEIVER 
FIGURE 70 


RADIO CIRCUITS 







f i 11 1 i i 1 t 1 1 I t • I 1 





Rl.R 7 .R 9 . -IQOOO OHM 

R 12 —VOLUME CONTROL 10,000 OHM 

C|.-.02/ifcl 

Cz, C 3 ,—.Ol/ifd 
C 4 . C 6 . C 7 , Ca , C 905 /ifd 
C 5 ,-15/tfd, 12V 


NOMINAL SENSITIVITY : 500MICROVOLTS / METER 

(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 

MAXIMUM POWER OUTPUT ; 75 MILLIWATTS 

SELECTIVITY AT - 6 db ; 8.0 KC/S 

SELECTIVITY AT -60db ; 65.0KC/S 

TOTAL BATTERY DRAIN : 200 MILLIAMPS. 


C |0 ■ — 12V 

C|| ’-.l/Jd 

C| 2 ,-lOOfifd, 12V 

C| 3 ,-50^fd, 12 V 

TRj,-G.E. 2NI68A CONVERTER 

TR2,TR3,-G.E.2N293 1ST a 2ND I.F. 

TR 4 ,-G.E. 2N24IA OR 2N32I AUDIO 

* L|,-435^h. Il0% 

^ Lg;- 250,th, ±10% 

CR|,CR2.-DRII7, IN64G,0R CK706A OR EQUIV. 

M FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


I/2W AUDIO TAPER 

R 2 .-27,000 OHM 

R 3 ,-1500 OHM 

R4,R||,-470 ohm 

Rk,-39,000 OHM 

Re,-330 OHM 

RS.-1800 OHM 

R| 0 ,-68,000 OHM 

R| 3 ,—WOO OHM 

R| 4 ,-5600 OHM 

R| 5 ,- 68 OHM 

)r T|,—5oon/v.c. 

^ AC|.—I^^X 242 

AC 2 .— 89.3 / 


FOUR TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER 
FIGURE 71 


RADIO CIRCUITS 










Rl. 

Rz. 

R3. 

R4. 

R5. 

Re. 

R7. 

Rio. 

Rii 

Ria 

R|4 

R|5 

Ro. 



Re,—-470 OHM 

-120,000 OHM 

-330 OHM 

-12,000 OHM 

-47,000 OHM 

-10,000 OHM 

R| 3 ,-1000 OHM 

-5600 OHM 
-68 OHM 

-VOLUME CONTROL I0,( 
I/2W AUDIO TAPER 
-435 /*h ±10% 

-250 ±10% 


C|, C 4 , Ce,—.05^fd 

Cz, C 3 ,-.Ol/ifd 

C5.-IS^ifd, 12 V 

C 7 , C|i,-. 02 /xfd, 

Ce,-6/ifd, 12V 


NOMINAL SENSITIVITY : 300 MICROVOLTS / METER 
{MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 


CQ,C(Q,C|2,~50fifd, 12V 
CR|,-DRII7,IN646,0R CK706A0R EOUIV 


MAXIMUM POWER OUTPUT 
SELECTIVITY AT -6 db : 
SELECTIVITY AT -60db : 
TOTAL BATTERY DRAIN 


Cl 

TR| 

TR 2 - 
TR3- 
TR 4 - 

* T| - 

% T2 - 
» AC|,-190.6- 

* AC¬ 


TS MILLIWATTS 
8.0 KC/S 
65.0 KC/S 
18.0 MILLIAMPS 


-G.E. 2NI68A CONVERTER 
-G.E. 2N293 I.F. 

-G.E. 2NI92 OR 2N324 DRIVER 
-G.E. 2N24IA OR 2N32I AUDIO 
-20KQ/600il 
-500 n/v.c. 


-190.6-> 

,— 89.3/ 


■R/C MODEL 242 


*FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


FOUR TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER 
FIGURE 72 








RADIO CIRCUITS 
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RADIO CIRCUITS 






IN64G 


cn 

o 


Tg T3 



R|, Rj^,- 1500 OHM 

R2,- 6600 OHM 

R3,- 27,000 OHM 

R4. Rll.- 470 OHM 

Rg^- 82.000 OHM 

Rg,- 330 OHM 

R7*R8- OHM 

R9,- 10.000 OHM 

R|q,- 91,000 OHM 

R|2.- VOLUME CONTROL 

10.000 OHM AUDIO TAPER 

r,3 ,- 100 OHM 

R|5^_ 120 OHM 


C|. C||, 

•. 02 >ufd 

Cg, C 3 , C 7 .- 

.Oljufd 

C4.C6.C9,C|3- 

.05>jfd 

C 5 . 

ISjufd, 12V 

Ca. 

50>ifd, 3V 

C|0. 

6 >ifd, 12V 

C|2. 

50jufd. 12V 

Ci4, 

lOOjufd, 12V 

TR|,- 

2NI68A CONVERTER 

TR 2 , - 

2N292 1ST t.F. 

TR 3 .- 

2NI69 REFLEX 

TR 4 , - 

2NI88A OR 2N320 AUDIO 


Lh- 
1-2.“ 
CR|,CR2 
AC 
AC2 


1 -190.61 

2 -89.3 J 


435>uh±IO% 
250>jh+10% 
IN64G OR EQUIV. 

R/C MODEL 242 


NOMINAL sensitivity: 200 MICROVOLTS/METER 
(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 
MAXIMUM POWER OUTPUT*. 75 MILLIWATTS 


SELECTIVITY AT -6db 
SELECTIVITY AT -60db 
TOTAL BATTERY DRAIN 


8.0 KC/S 
60.0 KC/S 
17.0 MILLIAMPS 


* FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


NINE VOLT FOUR TRANSISTOR REFLEX RECEIVER 
FIGURE 74 








RADIO CIRCUITS 










f • ft I I 


w 



R|,-6800 OHM C|,-.02>ifd 

Rg,-27,000 OHM Cg.Cs,-.Ol^fd 

R 3 ,-1500 OHM C 4 ,C 6 ,C 7 ,C 8 ,C 9 ,C| 4 ,—.05>jfd 

R 4 ,R||,R| 5 ,— 470 OHM C 5 ,-l5/ifd,l2V 

Rg,-68,000 OHM C| 0 ,C| 3 ,-6/jfd,l2V 

Rg.-330 OHM C||,C| 5 ,-IOO>ifd, 12V 

R 7 ,-2700 OHM C| 2 ,-50/jfd, 12V 

R 8 'R| 6 >-3300 OHM TR|,-G.E. 2NI68A CONVERTER 

Rg-10,000 OHM TRj,-G.E. 2N293 1ST I.F. 

R| 0 .-82,000 OHM TR 3 ,-G.E. 2NI69 2ND I.F. 

R| 2 ,-VOLUME CONTROL ■'■R 4 ,-G.E. 2N265 DRIVER 

10,000 OHM I/2W AUDIO TAPER TRg,-G.E. 2NI88A OR 2N320 OUTPUT 


R|3.- 

-4700 OHM 

* T|,- 

1 , 

-500fl/VC 

435jyh ♦ 10% 

R|4>- 

—DOyUUU UHM 

■-I » 

Lo 

'’50/Jh * 10% 

R|7.- 

5600 OHM 

»- 2 » 

PR, PR-, 

nniiT iUFflp nr? pifTnrft 

R| 8 .- 

R|9.- 

1000 OHM 
- 68 OHM 


Unil ly ino*rV9 Ur\ UfViwOM 


AC|,-190.6 1 

AC 2 , 89.3 J 


R/C MODEL 242 


NOMINAL SENSITIVITY : 150 MICROVOLTS/ METER 
(MEASURED WITH 5 MILLIWATTS REFERENCE POWER OUTPUT) 
MAXIMUM POWER OUTPUT : 75 MILLIWATTS. 

SELECTIVITY AT - 6 db : 8.0 KC/S. 

SELECTIVITY AT -60db: 65.0KC/ S. 

TOTAL BATTERY DRAIN! 18.0 MILLIAMPS. 


« FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


FIVE TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER 
FIGURE 75 


RADIO CIRCUITS 








R| 1 Rg r 

--10,000 OHM 


R2.— 

-33,000 OHM 


R3.R|1> 

-470 OHM 


R4.— 

-270 OHM 


Rs- — 

-12,000 OHM 


R6.- 

-330 OHM 


R7.- 

-1500 OHM 


R9,- 

-2700 OHM 


Rio.— 

-18,000 OHM 


Rl3,— 

-4700 OHM 


R|4.- 

-15,000 OHM 


R|5.- 

-390 OHM 


R|6.- 

-100 OHM 


R|7,- 

--39 OHM 


R|8.R|9 

-5.0 OHM 


R|2. — 

VOLUME- CONTROL 

10,000 


OHM 1/2 W AUDIO 

TAPER 


-.oa^fd 


C|2 —.003/*fel 


C2.C3, 

C4,C6.C7,C8iC9,— OSftfd 

C 5 .C 10 -6,ifd,6V 

C|I.C|3,C|4,—SO^fd, 6V 


C|5.- 

TR|- 

TR2- 

TR3- 

TR4- 


TR5 ,TR6. 
*T| - 

* T2- 

* j-l . - 

* >- 2 ,- 

CR|,CR2. 

* ACp- 

* AC2,- 


-O.l/ifd 
-G.E. 2N168A CONVERTER 
-G.E. 2N293 1ST I.F 
-G.E. 2NI69 2ND I.F 
-G.E. 2NI92 OR 2N324 DRIVER 
-G.E. 2NI88 AUDIO 
-2600/2600^ CT 
-300aCT/VC. 


-435nh ±10% 

-250uh ±10% 

-DRII7. IN64G,0RCK706A OR EOUIV. 

'^° ®\r/C MODEL 242 


89,3 


NOMINAL sensitivity: 250 MICROVOLTS / METER 

(MEASURED WITH 5 MW REFERENCE POWER OUTPUT) 
MAXIMUM POWER OUTPUT I 100 MILLIWATTS. 
SELECTIVITY AT -6db ! 8.0 KC/S 

SELECTIVITY AT -60db : 65.0 KC/S 

ZERO SIGNAL BATTERY DRAIN ! 7.0 MILLIAMPS. 


* FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 


THREE VOLT BROADCAST RECEIVER 
CAN BE POWERED BY SUN OR FLASHLIGHT BATTERIES 
FIGURE 76 


RADIO CIRCUITS 







f ■ I I I I 


ca 


03 


AUTOMATIC AUTOMATIC AUTOMATIC 

BS-725G BS-725G BS-6I4G 



R|| 


R|.R8. 

-10,000 OHM 

Rz. 

-15,000 OHM 

R 3 .- 

-1500 OHM 

R 4 . 

-270 OHM 

R 5 . 

-47,000 OHM 

-220 OHM 

« 6 » 

R 7 .R 9 ,- 

-2200 OHM 

R| 0 > 

-1000 OHM 

R||.R|4.- 

-4700 OHM 

R| 2 . 

-VOLUME CONTROL 


lOpOO OHM I/2W AUDIO TAPER 


C|,-.02 d. 

C 2 ,C 3 , Cs.Cg, C 7 , Cq, -.01^fd. 

^4* ^10'-6/tfd. 

TJg,-.05,if d. 

C||,C|2,C|2, -50/ifd. 

C|4i .2/ltd. 

CRI,CR2,-IN64G OR EOUIV 

TR|,-G.E. 2NI68A 

TR 2 .-G.E.2N293 

TR 3 ,-G.E.2NI69 

TR 4 ,-G.E.2NI92 


R|3- 

- 68,000 OHM 

TR 5 ,TRg,-G.E.2NI88 

R|5- 

-470 OHM 

T 4 =360011/20000 CT 

R| 6 . 

- 100 OHM 

* •% =360flCT/VC 

R|7.R|8.- 

-8,2 OHM 


R|9. 

-33 OHM 

* FOR FURTHUR INFORMATION SEE PAGE 167 


NOMINAL sensitivity: 200 MICRO VOLTS / METER 
(MEASURED WITH 50 MILLIWATTS REFERENCE POWER) 
MAXIMUM POWER output: 200 MW 
SELECTIVITY AT-6 db : B.OKc/S 

SELECTIVITY AT-60 db: 60.0 Kc/S 

ZEROSGNALBATTERY drain: 8 MILLIAMPS 


SIX VOLT SIX TRANSISTOR BROADCAST RECEIVER 
FIGURE 77 


RADIO CIRCUITS 














Rh- 

6800 OHM 

R2,-— 

27,000 OHM 

R 3 , 

1500 OHM 

R4.R|0-R|5<- 

470 OHM 

R 5 , - 

68,000 OHM 

R6. 

330 OHM 

R 7 . 

3300 OHM 

Re.- 

10,000 OHM 

Rg.- 

82,000 OHM 

R||i 

2700 OHM 

R|2. 

VOLUME CONTROL 

10,000 OHM 

I/2W AUDIO TAPER 

R|3. 

4700 OHM 

R|4. 

56,000 OHM 

R|6. 

220 OHM 

R|7. 

33 OHM 


R|q, RjQ, ' —8.2 OHM 

C|,-.oa^fd 

Cg.Cs,-.Oljufd 

C4, Cg,C7,C8i~.05>jfd 

C5.C10. - 6/jfd,l2V 

C9,- .05jufd 

C|i, - .003>ifd 


C| 2 .C| 3 ,Ci 4 , — 50/jfd,l2V 

TR,,- G.E. 2NI68A CONVERTER 

TR 2 ,- G.E. 2N293 1ST I.E 

TR 3 ,- G.E. 2NI69 2ND I.F. 

TR 4 ,- G.E. 2NI92 OR 2N324 DRIVER 

TRs.TRg. - G.E. 2NI88A OR 2N320 AUDIO 

it Tj, - 5,000/ 26 000 CT 

* T 2 ,- 250OCT/V.C. 


* Ll 
¥: L 2 - 


■ 435>Jh ±10% 

■ 250.^Jh +10% 


CR|,CR2,— DRII7,IN64G, OR CK706A OR EQUIV. 


it AC|,—190. 
X AC 2 —89. 


■1} 


R/C MODEL 242 


NOMINAL SENSITIVITY = 200 MICROVOLTS / METER 
(MEASURED WITH 50 MILLIWATTS REFERENCE POWER OUTPUT) 
MAXIMUM POWER OUTPUT .6 WATTS. 

SELECTIVITY AT - 6 db '. 8.0 KC/S 
SELECTIVITY AT -60db! 60.0KC/S 
ZERO SIGNAL BATTERY DRAIN 7.0 MILLIAMPS. 


* FOR FURTHER COMPONENT INFORMATION SEE PAGE 167 

SIX TRANSISTOR SUPERHETERODYNE BROADCAST RECEIVER 

FIGURE 78 


RADIO CIRCUITS 












R|. R||.- 

— 6B00 OHM 

R2. 

— 33,000 OHM 

R3.- 

— 1500 OHM 

R 4 .RlO.Ri 5 . 

-470 OHM 

R 5 . 

— 100,000 OHM 

Re.- 

— 330 OHM 

R7. R|3.- 

— 4700 OHM 

Rb.- 

— 2200 OHM 

R 9 .- 

—27 00 OHM 

R|2. 

—VOLUME CONTROL 

10,000 OHM I/2W AUDIO TAPER 

R|4. 

— 15,000 OHM 

R|6. 

— 220 OHM 

R|7. 

— 2700 OHM 


R|8.R|9.-10 OHM 

R 20 ,-33 OHM 


C|,- .0Zpf6 

C 2 , C 3 ,-.OI>ifd 

04 iCg, 07,03 —. I>jf d 

O 5 , - 6 jufd, 12V 

O 9 ,-.OSjufd 

C|o,- 6 >ifd, 6 V 

0||,-.003)ufd 

0|2,0|3,0|4,—50>ifd, 12V 


* T|,-2000/2600 OT. 

» T 2 ,-200Q OT/VO 

L|,-435)Uh±IO% 

Ug,-250>jh± 10% 

AC2,-89°3}'’/C MODEL 

0R|,CR2-IN64 OR IN295 OR EQUIV. 


0|5-.2>itd 


TR|,-G.E. 2NI6BA 

OONVERTER 

TR 2 ,-G.E, 2N293IST. I.F. 

TR 3 , - 6 E. 2NI69 OR 2N0. I F. 

TR 4 ,-G.E. 2NI92 OR 2N324 DRIVE 

TR 5 ,TR 6 .-G.E. 2NI88A OR 2N320 AUDIO 182 

WITH CLIP-ON HEAT SINK 


NOMINAL SENSITIVITY : 150 MIOROVOLTS/METER 
(MEASURED WITH 50 MILLIWATTS REFERENCE 
POWER OUTPUT) 

MAXIMUM POWER OUTPUT : I WATT 
SELECTIVITY AT - 6 db : 8.0 KC/S 

SELECTIVITY AT-60db : 38.0 KC/S 

ZERO SIGNAL BATTERY DRAIN ! 10 MILLIAMPS 


)tFOR FURTHER COMPONENT INFORMATION SEEPAGE 167 

SIX TRANSISTOR, I WATT RECEIVER 
FIGURE 79 








UNIJUNCTION TRANSISTOR CIRCUITS 


The unijunction transistor is a three-terminal semiconductor device which has 
electrical characteristics that are quite different from those of conventional two-junction 
transistors. Its most important feature is its highly stable negative resistance character¬ 
istic which permits its application in oscillator circuits, timing circuits and bistable 
circuits. Circuits such as sawtooth generators, pulse generators, delay circuits, multi¬ 
vibrators, one-shots, trigger circuits and pulse rate modulators can be greatly simplified 
by the use of the unijunction transistor. 

THEORY OF OPERATION 

The construction of the unijunction transistor is shown in Figure 81. Two ohmic 
contacts, called base-one (Bl) and base-two (B2) are made at opposite ends of a 
small bar of n-type silicon. A single rectifying contact, called the emitter (E), is made 
on the opposite side of the bar close to base-two. An interbase resistance, Rbb, of 
between 5K and lOK exists between base-one and base-two. In normal circuit opera¬ 
tion, base-one is grounded and a positive bias voltage, Vbb, is applied at base-two. 
With no emitter current flowing, the silicon bar acts like a simple voltage divider 
(Figure 82) and a certain fraction, rj, of Vbb will appear at the emitter. If the emitter 
voltage, Ve, is less than 77 Vbb, the emitter will be reverse-biased and only a small 
emitter leakage current will flow. If Ve becomes greater than 77 Vbb, the emitter will be 
forward biased and emitter current will flow. This emitter current consists primarily 
of holes injected into the silicon bar. These holes move down the bar from the emitter 
to base-one and result in an equal increase in the number of electrons in the emitter 
to base-one region. The net result is a decrease in the resistance between emitter and 
base-one so that as the emitter current increases, the emitter voltage decreases and a 
negative resistance characteristic is obtained (Figure 84). 



OHMIC 

CONTACTS 


Symbol for unijunction transistor with Construction of unijunction transistor— 
indentification of principle voltages and cross sectional view 

currents 

FIGURE 80 FIGURE 81 

The operation of the unijunction transistor may be best understood by the repre¬ 
sentative circuit of Figure 82. The diode represents the emitter diode, Rbi represents 
the resistance of the region in the silicon bar between the emitter and base-one and 
Rb2 represents the resistance between the emitter and base-two. The resistance Rbi 
varies with the emitter current as indicatd in Figure 83. 


56 



UNIJUNCTION TRANSISTOR CIRCUITS 



Unijunction transistor representative 
circuit 

FIGURE 82 


Ie 

(MA-) 

^Bl 

(OHMS) 

0 

4600 

1 

2000 

2 

900 

5 
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10 

150 

20 

90 

50 
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Variation of Rbi with Ib in representa¬ 
tive circuit (typical 2N492) 

FIGURE 83 


The large signal properties of the unijunction transistor are usually given in the 
form of characteristic cmves. Figure 84 gives typical emitter characteristic ctuwes as 
plots of emitter voltage vs. emitter current for fixed values of interbase voltage. Figure 
85 gives typical interbase characteristic curves as plots of interbase voltage vs. base-two 
current for fixed values of emitter current. On each of the emitter characteristic curves 
there are two points of interest, the peak point and the valley point. On each of the 
emitter characteristic curves the region to the left of the peak point is called the cut-off 
region; here the emitter is reverse biased and only a small leakage current flows. The 
region between the peak point and the valley point is the negative resistance region. 
The region to the right of the valley point is the saturation region; here the dynamic 
resistance is positive and lies in the range of 5 to 20t2. 



Typical emitter characteristics 
(type 2N492) 

FIGURE 84 



Typical interbase characteristics 
(type 2N492) 

FIGURE 85 


PARAMETERS — DEFINITION AND MEASUREMENT 

1. Rbb — Interbase Resistance. The interbase resistance is the resistance measured 
between base-one and base-two with the emitter open circuited. It may be measured 
with any conventional ohmmeter or resistance bridge if the applied voltage is five 
volts or less. The interbase resistance increases with temperature at about 0.8%/°C. 
This temperature variation of Rbb may be utilized for either temperature compensation 
or in the design of temperature sensitive circuits. 

2. ri — Intrinsic Stand-off Ratio. This parameter is defined in terms of the peak 
point voltage, Vp, by means of the equation: Vp =: t/Vbb -f Vd . . . where Vd is 
about 0.70 volt at 25°C and decreases with temperature at about 3 millivolts/“C. It is 




UNIJUNCTION TRANSISTOR CIRCUITS 


found that v is constant over wide ranges of temperature and interbase voltage. A 
circuit which may be used to measure v is shown in Figure 86. In this circuit Ri, Ci, 
and the unijunction transistor form a relaxation oscillator and the remainder of the 
circuit serves as a peak voltage detector with the diode automatically subtracting the 
voltage Vd. To use the circuit, the voltage Vi is set to the value desired, the “cal.” 
button is pushed and Rs adjusted to make the meter read full scale. The “test” button 
is then pushed and the value of ij is read directly from the meter (1.0 full scale). If 
the voltage Vi is changed, the meter must be recalibrated. 

3. Ip — Peak Point Current. The peak point current corresponds to the emitter 
current at the peak point. It represents the minimum current which is required to fire 
the unijunction transistor or required for oscillation in the relaxation oscillator circuit. 
Ip is inversely proportional to the interbase voltage. Ip may be measured in the circuit 
of Figure 87. In this circuit, the voltage Vi is increased until the unijunction transistor 
fires as evidenced by noise from the loudspeaker. Vi is then reduced slowly until the 
unijunction ceases to fire and the current through the meter is read as Ip. 


TEST 




TEST CmCUIT FOR INTRINSIC STANDOFF RATIO (r,) TEST CIRCUIT FOR PEAK POINT EMITTER 

CURRENT (IP) 

FIGURE 86 FIGURE 87 

4. Vp — Peak Point Emitter Voltage. This voltage depends on the interbase voltage 
as indicated in (2). Vp decreases with increasing temperature because of the change 
in Vd and may be stabilized by a small resistor in series with base-two. 

5. Ve (sat) — Emitter Saturation Voltage. This parameter indicates the forward 
drop of the unijunction transistor from emitter to base-one when it is conducting the 
msiximum rated emitter current. It is measured at an emitter current of 50 ma and 
an interbase voltage of 10 volts. 

6 . Ib 2 (mod) — Interbase Modulated Current. This parameter indicates the effective 
current gain between emitter and base-two. It is measured as the base-two current 
under the same condition used to measure Vb (sat). 

7. Ieo — Emitter Reverse Current. The emitter reverse current is measured with 
60 volts between base-two and emitter with base-one open circuit. This current varies 
with temperature in the same way as the Ico of a conventional transistor. 

8 . Vy — Valley Voltage. The valley voltage is the emitter voltage at the valley 
point. The valley voltage increases as the interbase voltage increases, it decreases 
with resistance in series with base-two and increases with resistance in series with 
base-one. 

9. ly — Valley Current. The valley current is the emitter current at the valley 
point. The valley current increases as the interbase voltage increases and decreases 
with resistance in series with base-one or base-two. 
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RELAXATION OSCILLATOR 

The relaxation oscillator circuit shown in Figure 88 is a basic circuit for many appli¬ 
cations. It is chiefly useful as a timing circuit, a pulse generator, a trigger circuit 
or a sawtooth wave generator. 



BASIC RELAXATION OSCILLATOR 
WITH TYPICAL WAVeFORMS 
FIGURE 88 


n 




Conditions for Oscillation. 


Vx 


- Vp 
R i 


> Ip, 



<Iv 


It is found that these conditions are very broad permitting a 1000 to 1 range of Ri 
from about 2K to 2M. R 2 is used for temperature compensation, its value may be cal¬ 
culated from the equation: 


u 0.65 Rbb 
= 7?Vx 

The maximum and minimum voltages of the emitter voltage waveform may be 
calculated from: 


Ve (max.) = Vp = tjVbb -f 0.7 
Ve (min.) ^ 1/2 Vb (sat) 

The frequency of oscillation is given by the equation: 

and may be obtained conveniently from the nomogram of Figure 89. 



Nomogram for calculating frequency of relaxation oscillation 

FIGURE 89 
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The emitter voltage recovery time, tvE, is defined as the time between the 90% 
and 10% points on the emitter voltage waveform. The value of tvE is determined 
primarily by the size of the capacitor C in Figure 88 and may be obtained from 
Figure 90. 




Recovery time of unijunction transistor relaxation oscillator vs. capacity 

FIGURE 90 


The pulse amplitude at base-one or base-two may be determined from the equations: 
_ [Vp- l/2VB(sat)]C 

lE<peak) = 


IBo( peak) 


Ib 2 (mod) 
7 


IfiCpe 


SAWTOOTH WAVE GENERATOR 

The circuit of Figure 91 may be used as a linear sawtooth wave generator. The NPN 
transistor serves as an output buffer amplifier with the capacitor C 2 and resistor R 2 
serving in a bootstrap circuit to improve the linearity of the sawtooth. The output of 
the circuit shown has an amplitude of about 12 volts peak to peak and a frequency of 
about 2 Kc. Note that a negative synchronizing pulse may be used at base-two. 



UNEAR SAWTOOTH GENERATOR 

FIGURE 91 


MULTIVIBRATOR 

Figure 92 shows a unijunction transistor multivibrator circuit which has a frequency 
of about 1 Kc. The conditions for oscillation of this circuit are the same as for the 
relaxation oscillator. The length of time during which the unijunction transistor is off 
(no emitter current flowing) is determined primarily by Ri. The length of time during 




UNIJUNCTION TRANSISTOR CIRCUITS 


which the unijunction transistor is on is determined primarily by Ra. The periods may 
be calculated from the equations: 

t. = R.C In j 

V (R -I- R) 

Where Vb is measured at an emitter current of I® = - ^ — ~ and may be obtained 

iAlR2 

from the emitter characteristic curves. 



+ 25V 




+ 12.5V 


► V 


B2 


^821_T 


+ 3 V 
+ 21 V 
+ 16 V 
+ 0.7 


-8.5 V 


UNIJUNCTION mANSISTOk MULTIVIBRATOR 
WITH TYPICAL WAVE FORMS 
FIGURE 92 

An NPN transistor may be direct coupled to the multivibrator circuit by replacing 
the diode as shown in Figure 93. This circuit has the advantage that the load does 
not have any effect on the timing of the circuit. 


RELAY 



Unijunction transistor multivibrator used to drive NPN transistor 

FIGURE 93 
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HYBRID MULTIVIBRATOR 

The circuit of Figure 94 illustrates how the unijunction transistor may be used in 
conjunction with conventional transistors to obtain the maximum advantages of each. 
The two PNP transistors form a conventional flip-flop with the unijunction serving the 
timing and triggering function. The timing capacitor Ct is charged alternately through 
Rti and Rtz. The advantages obtained by a circuit of this type are: 

(1) The two periods may be adjusted independently over a range 
of as much as 1000 to 1. (2) The output at the collector of each of the 
transistors is very nearly an ideal rectangular waveform. (3) The circuit 
will tolerate large changes in Ico or beta of the transistors. It is not 
prone to “lock-up” or non-oscillation. (4) The timing stability is very 
good. ( 5 ) A small timing capacitor Ct may be used, avoiding the use 



HYBUID MULTIVIBRATOR 
FEATURING WIDE RANGE OPERATION 
FIGURE 94 


RELAY DELAY 

Figure 95 shows the use of the unijunction transistor to obtain a precise delay in 
the operation of a relay. When the switch SWl is closed, the capacitor C is charged to 
the peak point voltage at which time the unijunction transistor flres and the capacitor 
discharges through the relay thus causing it to close. One set of relay contacts hold the 
relay closed. For supply voltages of 30 volts or above, about one second of delay can 
be obtained per microfarad of capacitance. 

RELAY 

CONTACTS 



TIME DELAY CIRCUIT WITH RELAY 
FIGURE 95 
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A switch is characterized by a high resistance when it is open and a low resistance 
when it is closed. Transistors can be used as switches. They offer the advantages of no 
moving or wearing parts and are easily actuated from various electrical inputs. Transis¬ 
tor collector characteristics as applied to a switching apphcation is shown in Figure 96. 
The operating point A at which Ic = Ico/1 —a indicates the transistor’s high resistance 



COLLECTOR CHARACTERISTICS 


FIGURE 96 


when Ib = O. Since 1—a is a small number, Ic may be many times greater than Ico. 
Shorting the base to the emitter results in a smaller Ic. If the base to emitter junction 
is reversed biased by more than .2v, Ic will approach Ico. Reverse biasing achieves 
the highest resistance across an open transistor switch. 

When the transistor switch is turned on, the voltage across it should be a minimum. 
At operating point B of Figure 96, the transistor is a low resistance. Alloy transistors 
such as the 2N525 have about one ohm resistance when switched on. Grown junc¬ 
tion transistors, such as the 2N167 have approximately 80 ohms resistance which 
makes them less suitable for high power switching although they are well suited for 
high speed computer applications. In order that a low resistance be achieved, it is 
necessary that point B lie beyond the knee of the characteristic curves. The region 
beyond the knee is referred to as the saturation region. Enough base current must 
be supplied to ensure that this point is reached. It is also important that both the on 
and off operating points lie in the region below the maximum rated dissipation to 
avoid transistor destruction. It is permissible, however, to pass through the high dissi¬ 
pation region very rapidly since peak dissipations of about one watt can be tolerated 
for a few microseconds with a transistor rated at 150 mw. In calculating the Ib neces¬ 
sary to reach point B, it is necessary to know how hp® varies with Ic. Curves such as 
Figure 97 are provided for switching transistors. Knowing hp® from the curve gives 


FIGURE 97 



0 C BASE CURRENT GAIN (hpf) VS COLLECTOR CURRENT 
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Ib min since Ib mm = 1 ^. Generally Ib is made two or three times greater than Ib mm 
Hfe -- 

to allow for variations in hrK with temperature or aging. The maximum rated collector 
voltage should never be exceeded since destructive heating may occur once a transistor 
breaks down. Inductive loads can generate injurious voltage transients. These can be 
avoided by connecting a diode across the inductance to absorb the transient as shown 
in Figure 98. 



DIODE 

IN34 FOR SMALL INDUCTANCE 
IN9I FOR LARGE INDUCTANCE 


DIODE USED TO PROTECT TRANSISTOR FROM INDUCTIVE 
VOLTAGE TRANSIENTS 


FIGURE 98 

Lighted incandescent lamps have about 10 times their off resistance. Consequently, 
Ib must be increased appreciably to avoid overheating the switching transistor when 
lighting a lamp. 

A typical switching circuit is shown in Figure 99. The requirement is to switch a 

TYPICAL VALUES 
Ij > 80^A SWITCH OPEN 
Ic • 0.2A SWITCH CLOSED 
Ij = lOmA • CURRENT THROUGH SWITCH 
Vjg = .19V SWITCH CLOSED 
Vfag = .48V SWITCH CLOSED 
INPUT POWER = 15 MILLIWATTS 
LOAD POWER • 5 WATTS 

Typical transistor switch application 

FIGURE 99 

200 ma current in a 25 volt circuit, delivering 5 watts to the load resistor. The 
mechanical switch contacts are to carry a low current and be operated at a low voltage 
to minimize arcing. The circuit shown uses a 2N525. The IK resistor from the base 
to ground reduces the leakage current when the switch is open. Typical values are 
indicated in Figure 99. 

TEMPERATURE EFFECTS ON SWITCHING CIRCUITS 

At high junction temperatures, Ico can become a problem. In the off condition, 
both the emitter and collector junctions are generally reverse-biased. As a rule, the 
bias source has an appreciable resistance permitting a voltage to be developed across 
the resistance by Ico. The voltage can reduce the reverse bias to a point where the 
base becomes forward biased and conduction occurs. Conduction can be avoided by 
reducing the bias source resistance, by increasing the reverse bias voltage or by 
reducing Ico through a heat sink or a lower dissipation circuit design. 
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The Ico of a transistor is generated in three ways. One component originates in 
the semiconductor material in the base region of the transistor. At any temperature, 
there are a number of interatomic energy bonds which will spontaneously break into 
a hole-electron pair. If a voltage is applied, the hole and electron drift in opposite 
directions and can be seen as the Ico current. If no voltage is present, the hole and 
electron eventually recombine. The number of bonds that will break can be predicted 
theoretically to double about every 10“C in germanium transistors and every 6°C in 
silicon. Theory also indicates that the number of bonds broken will not depend on 
voltage over a considerable voltage range. At low voltages, Ico appears to decrease 
because the drift field is too small to extract all hole-electron pairs before they recom¬ 
bine. At very high voltages, breakdown occurs. 

A second component of Ico is generated at the surface of the transistor by surface 
energy states. The energy levels established at the center of a semiconductor junction 
cannot end abruptly at the surface. The laws of physics demand that the energy levels 
adjust to compensate for the presence of the surface. By storing charges on the surface, 
compensation is accomplished. These charges can generate an Ico component; in fact, 
in the processes designed to give the most stable Ico, the surface energy levels con¬ 
tribute much Ico current. This current behaves much like the base region component 
with respect to voltage and temperature changes. It is described as the surface 
thermal component in Figure 100. 



CROSS-SECTION OF PNP ALLOY 
TRANSISTOR SHOWING REGIONS GENERATING Ico 

(A) 



COLLECTOR VOLTAGE 



COLLECTOR VOLTAGE 


CURVES A -INDICATE THE BASE REGION 
CURVES B-INDICATE THE SUM OF BASE REGION 

- AND SURFACE THERMAL Ico 

CURVES C-INCLUDE THE SURFACE LEAKAGE 
COMPONENT AND INDICATE THE 
MEASURED Ico 


VARIATION OF I^q COMPONENTS 
WITH COLLECTOR VOLTAGE 


VARIATION OF Iqo COMPONENTS 
WITH TEMPERATURE 


(B) 


(C) 


FIGURE lOO 
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A third component of loo is generated at the surface of the transistor by leakage 
across the junction. This component can be the result of impurities, moisture or surface 
imperfections. It behaves like a resistor in that it is relatively independent of tempera- 
txu-e but varies markedly with voltage. Figure 100(a) shows the regions which contribute 
to the three components. Figure 100(b) illustrates how the components vary with 
voltage. It is seen that while there is no way to measure the base region and smrface 
energy state components separately, a low voltage Ico consists almost entirely of these 
two components. Thus, the surface leakage contribution to a high voltage Ico can be 
readily determined by subtracting out the low voltage value of Ico. 

Figure 100(c) shows the variation of loo with temperature. Note that while the 
smrface thermal and base Ico components have increased markedly, the leakage com¬ 
ponent is unchanged. For this reason, as temperature is changed the high voltage Ico 
will change by a smaller percentage than the low voltage Ico. 





(C) 


FIGURE 101 


Figure 101 shows the variation of Ico with temperature and voltage for a nmnber 
of transistor types. Note that the three curves for the 2N396 agree with the principles 
above and show a leakage current less than one microampere. 

The variation of current gain at high temperatures is also significant. Since hrs is 
defined as Ic/Ib, hrB depends on Ico since Ic « hr* (Ib -f- Ico). If Ib = 0 i.e., if the base 
is open circuited, a collector current still flows, Ic = hfelco. Thus hpB is infinite when 
Ib = 0. As hase current is applied, the ratio Ic/Ib becomes more meaningful. If hpB 
is measured for a suflBciently low Ic, then at a high temperature hfdco will become 
equal to Ic. At this temperature hps becomes infinite since no Ib is required to maintain 
Ic. The AC current gain hfe, however, is relatively independent of Ico and generally 
increases about 2:1 from —55"C to -f 85°C. 

The difFerent electrical properties of the base, emitter and collector regions tend 
to disappear at high temperatures with the result that transistor action ceases. This 
temperature usually exceeds 85 °C and 150 °C in germanium and silicon transistors 
respectively. 

At high junction temperatures, it is possible for the transistor to heat itself regen- 
eratively until it destroys itself. The factors which enter into this problem are Ico, Vcb, 
and collector load resistance and the thermal impedance of the transistor. If the load 
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resistance is large enough, it can limit the transistor dissipation to a safe value; other¬ 
wise, the transistor is heated by Ico X Vcb. As the temperature rises, this heating can 
become appreciable. 

The following procedure, illustrated in Figure 102 gives a conservative estimate of 
the run-away temperature for a transistor with both junctions reverse biased. Thermal 
run-away will occur at the temperature where the rate at which Ico increases heating, 
exceeds the thermal derating factor. To calculate this temperature, let us assume a 
1°C rise in junction temperature. The increased heating due to the rise will be, 0.08 
Ico (Vcc — 2 RlIco), since Ico increases about 8% per 1°C. If this power will in fact 
raise the junction temperature by 1°C according to the derating factor, run-away occurs. 


CIRCUIT 

Rl*IK Vcc*-30V 



CALCULATE 


0.08 IcOM (Vcc - 2Rl Icom) = 1/K 

where Ico at run-away tempera¬ 
ture = IcoM. Use: 

Data from specifications 
K = .27“C/mw 

Data from circuit 
Rl= IK 


Vcc = 30 volts. The solution by 
substitution is 
Icom = 1.75 ma or 13.2 ma. 

The smaller value is always the correct 
one. 

Using Ico = 10 /cta max at Tj = 

25 °C, from Figure lOlA, 

Tj = 100°C when Ico = 1.75 ma. 
Heating due to Icom is 

P = Icom (Vcc — Rl Icom ) = 49.5mw. 
Rise in junction temperature above 
ambient temperature is 

KP = (.27) (49.5) = 13.4°C = Tj 
- Ta 

Ta = 86.6°C = thermal run-away 
temperature. 

Since worst condition values were 
used throughout, the circuit can safely 
be used to 86°C. 


Calculation of Thermal Run-away Temperature 

FIGURE 102 


The major problem eneountered in low temperature operation is the reduction of 
hpB. Figure 103 shows the variation of hpE for the 2N525 indicating that hpB drops about 
50% from its 25°C value when Tj = —55°C. Most transistors show approximately this 
m variation in hps. 



CURRENT GAIN (hfEl VS TEMPERATURE NORMALIZED TO 25”C 


** FIGURE 103 
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POWER DISSIPATION 

As with most electrical components, the transistor’s range of operating conditions 
is limited by the transistor power dissipation. 

Because the transistor is capable of a very low Vob when it is in saturation it is 
possible to use load lines which exceed the maximum rated dissipation during the 
switching transient, but do not exceed it in the steady state. Such load lines can be 
used safely if the junction temperature does not rise to the runaway temperature 
during the switching transient. If the transient is faster than the thermal time constant 
of the junction, the transistor case may be considered to be an infinite heatsink. The 
junction temperature rise can then be calculated on the basis of the infinite heatsink 
derating factor. Since the thermal mass of the junctions is not considered, the calcula¬ 
tion is conservative. 

In some applications there may be a transient over-voltage applied to transistors 
when power is turned on or when circuit failure occurs. If the transistor is manufactured 
to high reliability standards, the maximum voltages may be exceeded provided the 
dissipation is kept within specifications. While quality alloy transistors and grown 
junction transistors can tolerate operation in the breakdown region, low quality alloy 
transistors with irregular junctions should not be used above the maximum voltage 
ratings. 

Quality transistors can withstand much abuse. In experimental work, a 2N43 was 
operated at a peak power of 15 watts and a peak current of 0.5 amperes with no 
change in characteristics. 2N396 Transistors in an avalanche mode oscillator were 
operated at peak currents of one ampere, 3N37 Tetrodes rated at 50 milliwatts and 
25 milliamperes maximum were operated at a peak power of one watt and a peak 
current of 200 milliamperes without change in characteristics. Standard production 
units however should be operated within ratings to ensure consistent circuit perform¬ 
ance and long life. 

It is generally desirable to heatsink a transistor to lower its junction temperature 
since life expectancy as well as performance decreases at high temperatures. Heat 
sinks also minimize thermal fatigue problems, if any exist, 

SATURATION 

A transistor is said to be in saturation when both junctions are forward biased. 
Looking at the common emitter collector characteristics shown in Figure 104(a) the 
saturation region is approximately the region below the knee of the curves, since hpE 



FIGURE 104(A) 
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usually falls rapidly when the collector is forward biased. Since all the characteristic 
curves tend to become superimposed in the saturation region, the slope of the curves 
is called the saturation resistance. If the transistor is unsymmetrical electrically — 
and most transistors are unsymmetrical — then the characteristics will not be directed 
towards the zero coordinates but will be displaced a few millivolts from zero. For ease 
of measurement, generally the characteristics are assumed to converge on zero so that 


the saturation resistance is r, = 


VcE(sat) 

Ic 



COLLECTOR VOLTAGE, V^E (MILLIVOLTS) 


FIGURE 104(B) 


While the characteristic curves appear superimposed, an expanded scale shows 
that VcE(sat) depends on Ib for any given Ic. The greater Ib is made, the lower VcE(sat) 
becomes until Ib is so large that it develops an appreciable voltage across the ohmic 
emitter resistance and in this way increases VcE(sat). In most cases the saturation 
voltage, VcB(sat), is specified rather than the saturation resistance. Figure 104(b) show¬ 
ing the collector characteristics in the saturation region, illustrates the small voltage 
off-set due to asymmetry and the dependence of Ts on Is. Note also that rs is a low 
resistance to both AC and DC. 



DIRECT COUPLED TRANSISTOR LOGIC (DCTL) FUP-FLOP 
FIGURE 105 


Some circuits have been designed making specific use of saturation. The direct 
coupled transistor logic (DCTL) flip-flop shown in Figure 105 utilizes saturation. 
In saturation VcE(sat) can be so low that if this voltage is applied between the base 
and emitter of another transistor, as in this flip-flop, there is insufficient forward bias 
to cause this transistor to conduct appreciably. The extreme simplicity of the circuit 
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is self evident and is responsible for its popularity. However, special requirements are 
placed on the transistors. The following are among the circuit characteristics: 

First, the emitter jxmction is never reverse biased permitting excessive current to 
flow in the off transistor at temperatures above 40 "C in germanium. In silicon, how¬ 
ever, operation to 150 "C has proved feasible. 

Second, saturation is responsible for a storage time delay, slowing up circuit speed. 
In the section on transient response we see the importance of drawing current out of 
the base region to increase speed. In DCTL, this current results from the difference 
between VcE(sat) and Vbe of a conducting transistor. To increase the current, VcB(sat) 
should be small and r'b should be small. However, if one collector is to drive more 
than one base, r'b should be relatively large to permit uniform current sharing between 
bases since large base current unbalance will cause large variations in transient 
response resulting in circuit design complexity. 

Third, since VcB(sat) and Vbe differ by less than .3 volt, in germanium, stray 
voltage signals of this amplitude can cause faulty performance. While stray signals 
can be minimized by careful circuit layout, this leads to equipment design com¬ 
plexity. Silicon transistors with a .7 volt difference between VcB(sat) and Vbe are less 
prone to being turned on by stray voltages but are still susceptible to turn off signals. 
This is somewhat compensated for in transistors with long storage time delay since 
they will remain on by virtue of the stored charge during short turn-off stray signals. 
This leads to conflicting transistor requirements — long storage time for freedom from 
noise; short storage time for circuit speed. 

Another application of saturation is saturated flip-flops of conventional configura¬ 
tion. Since VcB(sat) is generally very much less than other circuit voltages, saturating 
the transistors permits the assumption that all three electrodes are nearly at the same 
potential making circuit voltages independent of transistor characteristics. This yields 
good temperature stability, and good interchangeability. The stable voltage levels are 
useful in generating precise pulse widths with monostable flip-flops. The section on 
flip-flop design indicates the ease with which saturated circuits can be designed. 

In general, the advantages of saturated switch design are: (a) simplicity of circuit 
design, (b) well defined voltage levels, (c) fewer parts required than in non-saturating 
circuits, (d) low transistor dissipation when conducting, and (e) immunity to short 
stray voltage signals. Against this must be weighed the reduction in circuit speed. 
Speed is affected in a number of ways: (a) much higher trigger power is required 
to turn off a saturated transistor than an unsaturated one, (b) since VcB(sat), hpE and 
Vbe all vary markedly with temperature, circuit speed also depends on temperature. 



DIODE COLLECTOR 
CLAMPING CIRCUIT TO 
AVOID SATURATION 



COLLECT CHARACTERISTICS 
SHOWING LOAD LINE AND OPERATING 
POINT PATH 


Collector voltage clamp 

FIGURE 106 
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A number of techniques are used to avoid satmration. The simplest is shown in 
Figure 106. The diode clamps the collector voltage so that it cannot fall below the 
base voltage to forward bias the collector junction. Response time is not improved 
appreciably over the saturated case since Ic is not clamped but rises to hpElB. With 
tjq)ical variations of Ib and hpE with temperatmre and life for a standard transistor, Ic 
may vary by as much as 10:1. Care should be taken to ensure that the diode prevents 
saturation with the highest Ic. When the transistor is tiumed ofiF, Ic must fall below the 
value given by (Ecc—Ed)/Ri. before any change in collector voltage is observed. The 
time required can be determined from the fall time equations in the section on transient 
response. The diode can also have a long recovery time from the high currents it has 
to handle. This can further increase the delay in turning o£F. 



Collector current clamp using silicon 
and germanium diodes 

FIGURE 107(0 


A much better way of avoiding saturation is to control Ib in such a way that Ic is 
just short of the saturation level. This can be achieved with the circuit of Figure 
107(a). The diode is connected between a tap on the base drive resistor and the 
collector. When the collector falls below the voltage at the tap, the diode conducts 
diverting base current into the collector, preventing any further increase in Ic. The 
voltage drop across R 2 is approximately IcR 2 /hpB since the current in R 2 is Ib. Since 
the voltage drop across the diode is approximately the same as the input voltage to 
the transistor, Vck is approximately IcR2/hFB. It is seen that if the load decreases (Ic 
is reduced) or hpB becomes very high, Vce decreases towards saturation. Where the 
change in hpB is known and the load is relatively fixed, this circuit prevents saturation. 
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To avoid the dependence of Vce on Ic and hpB, Rs may be added as in Figure 107(b). 
By returning Rs to a bias voltage, an additional current is drawn through Rs. Now 


Vce is approximately ( 


A 

hpB 


+ I 3 ) Rs. Is can be chosen to give a suitable minimum Vce. 


The power consumed by Rs can be avoided by using the circuit of Figure 107(c). The 
silicon diode replaces Rs. Since the silicon diode has a forward voltage drop of 
approximately .7 volts over a considerable range of current, it acts as a constant 
voltage source making Vce approximately .7 volts. If considerable base drive is used, it 
may be necessary to use a high conductance germanium diode to avoid momentary 
saturation as the voltage drop across the diode increases to handle the large base drive 
current. 


In applying the same technique to silicon transistors with low saturation resistance, 
it is possible to use a single germanium diode between the collector and base. While 
this permits Vce to fall below Vbe, the collector diode remains essentially non¬ 
conducting since the .7 volt forward voltage necessary for conduction cannot be 
reached with the germanium diode in the circuit. 

The diode requirements are not stringent. The silicon diode need never be back 
biased, consequently, any diode will be satisfactory. The germanium diode will have 
to withstand the maximum circuit Vce, conduct the maximum base drive with a 
low forward voltage and switch rapidly under the conditions imposed by the circuit, 
but these requirements are generally easily met. 

Care should be taken to include the diode leakage currents in designing these 
circuits for high temperatures. All the circuits of Figure 107 permit large base drive 
currents to enhance switching speed, yet they limit both Ib and Ic just before saturation 
is reached. In this way, the transistor dissipation is made low and uniform among 
transistors of differing characteristics. 

It is quite possible to design flip-flops which will be non-saturating without the 
use of clamping diodes by proper choice of components. The resulting flip-flop is 
simpler than that using diodes but it does not permit as large a load variation before 
malfunction occurs. The design procedure for an undamped non-saturating flip-flop 
can be found in Transistor Circuit Engineering by R. F. Shea, et al (Wiley). 



Stored neutralization by capacitor 

FIGURE 108 


Another circuit which is successful in minimizing storage time is shown in Figure 
108. If the input is driven from a voltage source, it is seen that if the input voltage 
and capacitor are appropriately chosen, the capacitor charge can be used to neutralize 
the stored charge, in this way avoiding the storage time delay. In practical circuits, 
the RC time constant in the base necessary for this action limits the maximum pulse 
repetition rate. 
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TRANSIENT RESPONSE TIME 

The speed with which a transistor switch responds to an input signal depends on 
the load impedance, the gain expected from the transistor, the operating conditions just 
prior to the input signal, as well as on the transistor’s inherent speed. The following 
discussion will assume that the collector load resistance is sufficiently small that 
27rRLCcfa « 1 where Cc is the collector capacitance. If this is not the case, all the 
response time equations must be multiplied by the correction factor (1 + 27 rRLCcfa). 



(o) TYPICAL CIRCUIT 
^Bl ° 

Iq = 10 ma 


(b) WAVEFORM GENERATED 
AT A BY SWITCH 


(c) WAVEFORM AT B 

SHOWING FORWARD BIAS 
ON BASE DURING 
SATURATION 


(d) BASE CURRENT WAVEFORM 
NOTE REVERSE CURRENT 
lg2 DUE TO BASE BIAS 
DURING SATURATION 


(e) COLLECTOR WAVEFORM 
SHOWING STANDARD 
DEFINITIONS OF 
RESPONSE TIMES 


Transient response 

FIGURE 109 


Let us consider the simple circuit of Figure 109(a). If we close and open the switch 
to generate a pulse as shown in 109(b), we will obtain the other waveforms shown in 
the figure. When the switch closes, current flows through the 20K resistor to turn on 
the transistor. However there is a delay before collector current can begin to flow since 
the 20K must discharge the emitter capacitance which was charged to —10 volts prior 
to closing the switch. Time must also be allowed for the emitter current to diffuse 
across the base region. A third factor adding to the delay time is the fact that at low 
emitter current densities current gain and frequency response decrease. The total delay 
from all causes is called the “delay time” and is measured conventionally from the 
beginning of the input pulse to the 10% point on the collector waveform as shown in 
Figure 109(e). Delay time can be decreased by reducing the bias voltage across the 
emitter capacitance, and by reducing the base drive resistor in order to reduce the 
charging time constant. At high emitter current densities, delay time becomes neg¬ 
ligible. Figure 110 shows typical delay times for the 2N396 transistor. 
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The rise time refers to the turn-on of collector current. By basing the definition of 
rise time on current rather than voltage it becomes the same for NPN and PNP tran¬ 
sistors. The collector voltage change may be of either polarity depending on the tran¬ 
sistor type. However, since the voltage across the collector load resistor is a measure 
of collector current, it is customary to discuss the response time in terms of the collector 
voltage. The theoretical analysis of rise time suggests that a single exponential curve as 
defined in Figure 111 fits the experimental results. 



GRAPHICAL ANALYSIS OF RISE TIME 
SYMBOLS DEFINED IN FIGURE 109 
THE INTERCEPT OF AND THE CURVE GIVES tf. 

FIGURE 111 

If the load resistor Rl in Figure 109(a) is small enough that a current, hpElBi, through 
it will not drive the transistor into saturation, the collector current will rise expon¬ 
entially to hFEBsi with a time constant, hpE/27rfa. However, if Rl limits the current to 
less than hpElBi, the same exponential response will apply except that the curve will 
Vcc 

be terminated at Ic Figure 111 illustrates the case for Ic hFElBi/2. Note that 

Kl 

the waveform will no longer appear exponential but rather almost linear. This curve 
can be used to demonstrate the roles of the circuit and the transistor in determining 
rise time. For a given hpE and fo, it is seen that increasing hpElBi/Ic will decrease rise 
time by having Ic intersect the curve closer to the origin. On the other hand, for a given 
Ibi and Ic, speed will be proportional to fo but nearly independent of hpE since its 
effect on the time constant is balanced by its effect on the curve amplitude. A useful 
expression for rise time is tr = Ic/Ibi 27rfo. It is valid for Ic/Ib <C hpE/S. Since this 
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analysis assumes that Hfb and fo are the same for all operating points the calculated 
results will not fit experimental data where these assumptions are invalid. Figure 112 
shows that the rise time halves as the drive current doubles, just as the expression for 
tr suggests. However the calculated value for tr is in error by more than 50%. This 
shows that even though the calculations may be in error, if the response time is specified 
for a circuit, it is possible to judge fairly accurately how it will change with circuit 
modifications using the above equations. 







li 


Storage time is the delay a transistor exhibits before its collector current starts to 
turn off. In Figure 109, Rb and Rl are chosen so that Rl rather than hrE will limit the 
collector current. The front edge of the collector waveform, Figure 109(e), show.® the 
delay time followed by the nearly linear risetime. When the collector voltage falls 
below the base voltage, the base to collector diode becomes forward biased with the 
result that the collector begins emitting. By definition, the transistor is said to be in 
saturation when this occurs. This condition results in a stored charge of carriers in 
the base region. Since the flow of current is controlled by the carrier distribution in 
the base, it is impossible to decrease the collector current until the stored carriers are 
removed. When the switch is opened in Figure 109, the voltage at A drops immedi¬ 
ately to —10 volts. The base voltage at B however cannot go negative since the tran¬ 
sistor is kept on by the stored carriers. The resulting voltage across Rb causes the 
carriers to flow out of the base to produce a current 1 b 2. This is illustrated in Figure 
109(c) and 109(d). As soon as the stored carriers are swept out, the transistor starts to 
turn off; the base voltage dropping to —10 volts and the base current decreasing to 
zero. The higher Ibi is, the greater the stored charge; the higher 1 b 2 is, the faster 
they are swept out. Since both junctions are forward biased during storage time, the 
inverse characteristics of the transistor are involved. The inverse characteristics are 
obtained by interchanging the collector and emitter connections in any test circuit. 
They are identified by the subscript I following the parameter, e.g., hpEi is the inverse 
DC beta. Figure 113 shows a curve which is useful for calculating storage time graph¬ 
ically. The maximum value is hFE(lBi-|-lB 2 ) where Ib2 is given the same sign as Ibi, 
ignoring the fact it flows in the opposite direction. The time constant of the curve 
involves the forward and inverse current gain and frequency cut-off. The storage time 
corresponds to the time required to reach the current hrElai—Ic. It can be seen that 
for a given frequency response, high hpE gives long storage time. The storage time 
also decreases as Ib 2 is increased or Ibi is decreased. 
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GRAPHICAL ANALYSIS OF STORAGE TIME. 

THE INTERCEPT OF (hpE Ib|-Ic 1 AND THE CURVE GIVES ts 


FIGURE 113 


h -I-1 

The time constant for a very unsymmetrical transistor is approximately——. It is 

seen that the generally specified normal hpB and fa are of little use in determining 
storage time. For a symmetrical transistor, the time constant is approximately 
ll —I— 1 

- . It is possible for a symmetrical transistor to have a longer storage time than 

27ria 



an unsymmetrical transistor with the same hpB and fa. Figure 114 shows the depend¬ 
ence of storage time on Ibi and Ib 2 for the 2N396 transistor. 



GRAPHICAL ANALYSIS OF FALL TIME 
THE INTERCEPT OF Ij AND THE CURVE GIVES tf 

FIGURE 115 

The collector current fall time can be analyzed in much the same manner. Figure 
115 indicates the exponential curve of amplitude Ic + hpBlB 2 , and a time constant, 
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hFE/27rfo. The fall time is given by the time it takes the exponential to reach Ic. If 
hpElsz > > Ic, fall time is given by the expression, 

_ hpE Ic/Ib2 

27rfa hpE “b Ic/Ib2 

As hpB becomes large, this expression reduces to, 

tP--^ 

“ 27rfa Ib 2 

which is identical to the expression for tr except that Ib 2 replaces Ibi. Figure 116 shows 

typical fall time measurements for a 2N396. 

1,01-1— —-1-1 

PNP ALLOY TRANSISTOR TYPE 2N396 

0® Vcc“ -5V PULSE RESPONSE FALL TIME - 

Ir ' -5ma ♦f vs Ib[ (mo) 



Ibi (mo) 

FIGURE 116 

FLIP-FLOP DESIGN PROCEDURES 

The bistable Eccles-Jordan circuit or flip-flop is a building block for counters, 
shift registers, data storage and control machinery. At the outset, the designer has 
the choice of using saturating or non-saturating circuits. If he chooses saturating 
circuits, the design becomes very straightforward. 

SATURATING FLIP-FLOPS 

The simplest flip-flop possible is shown in Figure 105, however, for standard 
transistor types the circuit in Figure 117(a) is preferable at moderate temperatures. 
We shall refer to the conducting and non-conducting transistors as the on and off 
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SATURATED FUP-FLOPS 
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transistors respectively. For stability, the circuit depends on the low collector to 
emitter voltage of the saturated on transistor to reduce the base current of the oft 
transistor to a point where the circuit gain is too low for regeneration. The 2200 
emitter resistor could be removed if emitter triggering is not used. By adding 
resistors from base to ground as in Figure 117(b), the ofiF transistor has both junctions 
reverse biased for greater stability. While the 33K resistors divert some of the formerly 
available base current, operation no longer depends on a very low saturation voltage 
consequently less base current may be used. Adding the two resistors permits stable 
operation beyond 50 °C ambient temperature. 



SATURATED FUP-FLOP 
FIGURE 117(C) 


The circuit in Figure 117(c) is stabilized to 100 °C. The price that is paid for the 
stability is (1) smaller voltage change at the collector, (2) more battery power con¬ 
sumed, (3) more trigger power required, (4) a low Ico transistor must be used. The 
capacitor values depend on the trigger characteristics and the maximum trigger repeti¬ 
tion rate as well as on the flip-flop design. 

By far, the fastest way to design saturating flip-flops is to define the collector and 
emitter resistors by the current and voltage levels generally specified as load require¬ 
ments. Then assume a tentative cross-coupling network. With all components specified, 
it is easy to calculate the on base current and the off base voltage. For example, the 
circuit in Figure 117(b) can be analyzed as follows. Assume Vbb = .3 volt and Vce = 
.2 volt when the transistor is on. Also assume that Veb = .2 volts will maintain the off 
transistor reliably cut-off. Transistor specifications are used to validate the assumptions. 


I. Check for the maximum temperature of stability. 
R 4 VC 0 220 


Ve = 

Vc on 


(25) 2.3 volts 


R1 + R4 “ 2200 + 220 
= Ve + VcB on = 2.3 + .2 = 2.5 volts 


Assuming no Ico, the base of the off transistor can be considered connected to 
a potential. 


V'b = Vc 
V'b = 


Rs 


R2 + Rs 

(2.5) (33K) 


-through a resistor R'b 


(42K + 33K) 
(33K) (42K) 


= 1.1 volts 


R2R3 

R2 + Rs 


T3' 


1 « KV 
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m 






The Ico of the ofiF transistor will flow through R'b reducing the base to emitter 
potential. If the Ico is high enough, it can forward bias the emitter to base junction 
causing the off transistor to conduct. In our example, Vb = 2.3 volts and Vbb = .2 volts 
will maintain off conditions. Therefore, the base potential can rise from 1.1 volts to 
2.1 volts (2.3 — .2) without circuit malfunction. This potential is developed across 


R^b by Ico — 


2.1 - 1.1 

18.5K 


= 54 /la. A germanium transistor with Ico 


10 fia at 25'’C 


will not exceed 54 fia at 50 °C. If a higher operating temperature is required, R 2 and Rs 
may be decreased and/or R* may be increased. 


II. Check for sufficient base current to saturate the on transistor. 
Vb on — Vb Vbe on — 2.3 -)- .3 — 2.6 volts 


The current through Rg = I 3 = 


2 . 6 v 

33K 


.079 ma 


The current through Ri and R 2 in series is I 2 = 


Vcc — Vb on 

Ri -f- R 2 

.506 ma 


25 - 2.6 
42K + 2.2K 


The available base current is Ib = I 2 — Is = .43 ma 

The collector current is Ic = = 10.25 ma 

ill 2i»2trk. 

The transistor will be in saturation if hpB at 10 ma is greater than 
Ic _ 10.25 
Ib .43 “ 

If this circuit were required to operate to —55°C, allowance must be made for 
the reduction of hpa at low temperatures. The minimum allowable room temperature 
hpE should be doubled, or hpB min = 48. 

Generally it is not necessary to include the effect of Ico flowing through Ri when 
calculating I 2 since at temperatures where loo subtracts from the base drive it simulta¬ 
neously increases hps. If more base drive is required, R 2 and Rs may be decreased. 
If their ratio is kept constant, the off condition will not deteriorate, and so need not be 
rechecked. 

III. Check transistor dissipation to determine the maximum junction temperature. 
The dissipation in the on transistor is 

V T , V T - (-3) (-^3) I (-2) (10.25) 

Vbb on 1b -h Vce on Ic — -1000- ' -1000-~ rnw 

The dissipation in the off transistor resulting from the maximum Ico is 
VcbIco - = 1.4 mw 

Generally the dissipation during the switching transient can be ignored at speeds 
justifying saturated circuitry. In both transistors the junction temperature is within 1°C 
of the ambient temperature if transistors in the 2N394-97 or 2N524-27 series are used. 


NON-SATURATED FLIP-FLOP DESIGN 

The abundance of techniques to prevent saturation makes a general design pro¬ 
cedure impractical if not impossible. While it is a simple matter to design a flip-flop 
as shown above, it becomes quite tedious to check all the worst possible combinations 
of component change to ensure manufacturability and long term reliability. Often the 
job is assigned to a computer which calculates the optimum component values and 
tolerances. While a number of flip-flop design procedures have been published, they 
generally make simplifying assumptions concerning leakage currents and the voltages 
developed across the conducting transistors. 
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CIRCUIT CONFIGURATION FOR 
NON-SATURATING 
FLIP-FLOP DESIGN PROCEDURE 

Characteristics: 

Trigger input at points E 
Trigger steering by D 2 and R 5 
Collector clamping by Di and Rs 
Connect points A, B, C, D, E as shown in 
Figure 119 to get counter or shift register 
operation 

Cl and C2 chosen on basis of speed re¬ 
quirements 

FIGURE 118 (A) 

The design procedure described here is for the configuration in Figure 118(a). No 
simplifying assumptions are made but all the leakage currents and all the potentials 
are considered. The design makes full allowance for component tolerances, voltage 
fluctuations, and collector output loading. The anti-saturation scheme using one resistor 
(R3) and one diode (Dl) was chosen because of its effectiveness, low cost and 
simplicity. The trigger gating resistors (R5) may be returned to different collectors to 
get different circuit functions as shown in Figure 119. This method of triggering offers 
the trigger sensitivity of base triggering and the wide range of trigger amplitude 
permissible in collector triggering. The derivation of the design procedure would 
require much space, therefore for conciseness, the procedure is shown without any 
substantiation. The procedure involves defining the circuit requirements explicitly then 
determining the transistor and diode characteristics at the anticipated operating points. 
A few astute guesses of key parameters yield a fast solution. However, since the 
procedure deals with only one section of the circuit at a time, a solution is readily 
reached by cut and try methods without recourse to good fortune. A checking pro¬ 
cedure permits verification of the calculations. The symbols used refer to Figure 
118(a) or in some cases are used only to simplify calculations. A bar over a symbol 
denotes its maximum value; a bar under it, its minimum. The example is based on 
polarities associated with NPN transistors for clarity. The result is that only Es is 
negative. While the procedure is lengthly, its straightforward steps lend themselves 
to computation by technically unskilled personnel and the freedom from restricting 
assumptions guarantees a working circuit when a solution is reached. The circuit 
designed by this procedure is shown in Figure 118(b). 



SON-SATURATED FLIP-FLOP 
FIGURE 118(B) 
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The same procedure can be used to analyze existing flip-flops of this configuration 
by using the design check steps. 



(C) INTERCONNECTION AS SHIFT REGISTER 


500 KC COUNTER-SHIFT REGISTER FUP-FLOP 
FIGURE 119 
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NON-SATURATING FLIP-FLOP DESIGN PROCEDURE 


STEP 

1 DEFINITION OF OPERATION 

1 SYMBOL 1 

1 SAMPLE DESIGN FOR 2N396 TRANSISTOR 

(Aj 

Circuit Requirements and Device Characteristics 



1 

Assume maximum voltage design tolerance 

Ae ' 

Let Ae ± 5% 

2 

Assume maximum resistor design tolerance 

Ar 

Let Ar = ±7% (assuming ±5% resistors) 

3 

Assume maximum ambient temperature 

Ta 

Let Ta = 40°C 

4 

Assume maximum load current out of the ofF side 

lo 

Let lo = 1 ma 

5 

Assume maximum load current into the on side 

I, 

Let Ii 0.2 ma 

6 

Estimate the maximum required collector current in the on 
transistor 

Ii 

Let Ii < 17.5 ma 

7 

Assume maximum design Ico at 25‘’C 


From spec sheet Ico <^6 fia 

8 

Estimate the maximum junction temperature 

Tj 

Let Tj = 60°C 

9 

Calculate Ico at Tj assuming Ico doubles every 10 “C or 

T _ T „.07(Tj-25) 

IcOTj — lC025 e 

I 2 

I 2 = 6e = 71 ^a; Let I 2 = 100 fia 

10 

Assume the maximum base leakage current is equal to the 
maximum Ico 

I 3 

Let I 3 = 100 /j.a 

11 

Calculate the allowable transistor dissipation 


2N396 is derated at 2.5 mw/°C. The junction temperature 
rise is estimated as 20 °C therefore 50 mw can be allowed. 
Let Pc == 50 mw 

12 

Estimate hpE minimum taking into account low temperature 
degradation and specific assumed operating point 

/?m in 

Let am in — 0.94 or jSmm = 15.67 

13 

Estimate the maximum design base to emitter voltage of 
the “on” transistor 

Vi 

Let Vi = 0.35 volts 

14 

Assume voltage logic levels for the outputs 


Let the level separation be > 7 volts 


e. 5 
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DEFINITION OF OPERATION 

Choose the maximum collector voltage permissible for the 
“on” transistor 

Choose suitable diode types 

Estimate the maximum leakage current of any diode 


Calculate Is = I3 + L 

Choose the minimum collector voltage for the “off” transistor 
keeping in mind 14 and 15 above 

Choose the maximum collector voltage for the “off” tran¬ 
sistor 

Choose the minimum design base to emitter reverse bias to 
assure off conditions 

Estimate the maximum forward voltage across the diodes 

Estimate the minimum forward voltage 

Estimate the worst saturation conditions that can be tol¬ 
erated. 

Estimate the minimum collector voltage that can be tolerated 

Estimate the maximum base to collector forward bias volt¬ 
age that can be tolerated 

Calculate V2 -j- V7 

Calculate V2 -h Ve 

Calculate Vs -j- V7 

Calculate Vs Ve 

Calculate Vs -1- Vg 


SAMPLE DESIGN FOR 2N396 TRANSISTOR 

Let V2 < 2.0 volts 

Let all diodes be 1N198 

Maximum leakage estimated as < 25 ndL. Let L = 40 /aa at 
end of life 

40 -f 100 = 140 /^a 

Let Vs > 9.0 volts 

Let V4 < 13.0 volts 

Let Vs = 0.5 volt 

Let Va = 0.8 volt 
Let V7 = 0.2 volt 

Let Vs = 0.1 volt 
Let Vo = 0.1 volt 

2 -|- 0.2 = 2.2 volts 
2 -|- 0.8 = 2.8 volts 
0.1 -f 0.2 = 0.3 volt 
0.1-1- 0.8 = 0.9 volt 
0.1 -I- 0.1 = 0.2 volt 
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NON-SATURATING FLIP-FLOP DESIGN PROCEDURE (CONTINUED) 


STEP I _ DEFINITION OF OPERATION _ [ SYMBOL | _ SAMPLE DESIGN FOR 2N396 TRANSISTOR 

(B) Cut and Try Circuit Design 


1 

Assume E 2 

Ea 

Let Ea = -16 volts ± 5%; Ea -15.2 v;^= -16.8 v 

2 a 

Calculate 

Ki 

-115 

0.93 “ 

2 b 

Calculate 

Ka 

0.95 - 

2 c 


Ks 

17.5 , 

15.67 

2 d 

Calculate la + L + 21* 

Ki 

0.1 + 1.0 + 0.08 = 1.18 ma 

2 e 

^ , Ve - Va 

Calculate — 

Vs + V« - Ea 

Ks 

0.8-0.1 

0.1 + 0.1 + 15.2 

3 

r’nlr'nlltn P”_ ^ F VlO Vl y ,..j F H 


1 r 2.2 — 0.35 1 1=; fO 3'5 1 16 81 1 — 14 03 K 

Ljalculate r\i ^ KK j 

1.117 L (1.15) (0.0454) • ^ ^ ^ J “ 

4 

choose R 4 


Let Ri r= 13K ± 7%; Rl = 13.91 K; Ri = 12.09 K 

5 

Calculate Ra > Ks Ri 


(0.0454) (13.91K) = 0.632 .K 

6 

Choose Rs 

R 3 

Let Ra = 0.68 K ± 7%; R^ = 0.7276 K; Ra = 0.6324 K 

7 

(Vio - Vl) 

i 

(12.09 K) (2.2-0.35) 73 O K-choice of 

Check rU by calculating Kg ,, « t rr t> 

Vl - Cj2 aU 

0.35 + 16.8 + (1.117) (12.09) “ ’ 

Ra satisfactory 

8 

Calculate _ _ 

-Vs - Ea - I 5 R 4 

Ke 

13.91 K - 

-0.5 + 15.2 - (0.14) (13.91) “ ' ‘ 


ft 
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STEP 

DEFINITION OF OPERATION 

SYMBOL 

SAMPLE DESIGN FOR 2N396 TRANSISTOR 

9 

Ke (Va + Ve) - R* 

Calculate R2 > , ^, 

- 1 Jiv 6 l 4 


(1.091) (2.0 + 0.5) K - 0.632 K 

1 - (1.091) (0.04) “ ^ 

10 

Choose R2 — If there are difficulties at this point, assume a 
different Et. 

R2 

Let Rs = 2.7 K ± 7%; RT = 2.889 K; ^ = 2.511 K 

11 

^ [Vs - V12 + K4 R2] 

Calculate -—-—- 

V4 — Vii 

Kt 

(1.15)"[9.0 - 0.3 + (1.18) (2.511)] - 

13.0 - 2.8 ” 

12 

Calculate Ei < „ , 

lv 7 1 / ix2 


(1.51) (13.0) - 9.0 . 

1.51-1/1.105 =l'?-63 volts 

13 

Choose El 

El 

Let El = 16 volts ± 5%; Ei = 16.8 volts; Ei = 15.2 volts 

14 

_ (El - Vs) R2 

Calculate Ri < ,, , v n 

V 3 —— V 12 -p Jl 12 


(15.2 - 9.0) (2.511) 

9.0 _ 0.3 + (1.18) (2.511) “ 

15 

Calculate Ri > ^ ^ 

- V4 — Vn 


(16.8 - 13.0) (2.889) 

13.0 - 2.8 “ ^ 

16 

Choose Ri 

Ri 

Let Ri = 1.2 K ± 7%; Rr= 1.284 K; ^1 = 1.116 K 


(C) Design Checks 


1 

Check “off” stabihty. Reverse bias voltage is given by; 

Veb < E^ + _ ^ [V2 - eT + h R2 + L (R2 + Rs)] 

Rt -}■ R® “h R2 

Circuit stable if Vbb < —Vs 

Vbb 

15 2-h 

17.05 

[2-h 15.2-h (0.04) (2.511) + (0.14) (3.14)] =-0.7 volts 
The design value of Vs was 0.5 volts. Therefore, the “off” 
condition is stable. 

2 

Check for non-saturation under the worst conditions. 

vbb<e2+ 

— Ri -f ^ 

Circuit non-saturated if Vbe < Vu 

Vbb 

-15.2+ 13.91 (as + 15.2) ^0.19 volts 

14.54 

The design maximum of V 14 was 0.2 volts. 
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NON-SATURATING FLIP-FLOP DESIGN PROCEDURE (CONTINUED) 


STEP 

DEFINITION OF OPERATION 

SYMBOL 

SAMPLE DESIGN FOR 2N396 TRANSISTOR 

3 

3a 

Check for stability. Calculate: 

Ra = Ri -f" Rs 

Ra 

1.284 + 2.889 = 4.173 K 

3b 

Rb — Ri -J- R2 -f- R3 R* 

Rb 

1.284 + 2.889 + .728 + 12.09 = 16.99 K 

3c 

Rc — Ra "f" R4 

Rc 

.728 + 12.09 = 12.82 K 

3d 

E'l = ^ - Ka RT 

E'l 

15.2 - (1.18) (1.284) = 13.68 volts 

3e 

Rd — Ri -)- R2 Ra -b R* 

Rd 

1.116 + 2.889 + .728 + 13.91 = 18.643 K 

3f 

Rd (eT- V 2) [IT- ^2 - E Rl - I4 (Rl + Rl)] 

le 

18.64 (16.8 - 2) - 1.116 [16.8 + 16.8 - (0.14) (13.91) 

1.116 (18.64 - 1.118) 

- 004) (.728 + 13.91)1 

“ Ri (Rd - 

3g 

Ir = -5^” (E'x - Vxo) - (E'x - E2) 

XVAtlC Jac — 

It 

(13 68 - 2 2) - - 1 266 ma 

(4.173) (12.82) ^ 12.82 “ 

3h 

y Ii -[- le -|- I 7 

/Smln + Ra/Rc 

Is 

0.2 + 12.34 + 1.266 ^ 

15.67 + 12.09/12.82 “ 

3i 

V'b,. E - 4 - 1 + 'i ^E'l Ea^ 

V'bk 

- » + wZ (1 + lt.8?8 ) + 18 ®) 

12-88 03 633 ""i 0-31 12-88 

V BE - ^2 + ^ Rc / V — / 

^ (k\-vA 5 ± RaFU 

12.818 16.99 

((^-“-89) -4.173 - 0.7276) = .55V 

.55V is greater than Vi = .35V, therefore the design is 
satisfactory. 

Rc V / Rb V Rc / 
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TRIGGERING 

Flip-flops are the basic building blocks for many computer and switching circuit 
applications. In all cases it is necessary to be able to trigger one side or the other into 
conduction. For counter applications, it is necessary to have pulses at a single input 
make the two sides of the flip-flop conduct alternately. Outputs from the flip-flop must 
have characteristics suitable for triggering other similar flip-flops. When the counting 
period is finished, it is generally necessary to reset the counter by a trigger pulse to 
one side of all flip-flops simultaneously. Shift registers, and ring counters have similar 
triggering requirements. 

In applying a trigger to one side of a flip-flop, it is preferable to have the trigger 
turn a transistor off rather than on. The off transistor usually has a reverse-biased 
emitter junction. This bias potential must be overcome by the trigger before switching 
can start. Furthermore, some transistors have slow turn on characteristics resulting in 
a delay between the application of the trigger pulse and the actual switching. On the 
other hand, since no bias has to be overcome, there is less delay in turning off a 
transistor. As turn-off begins, the flip-flop itself turns the other side on. 


A lower limit on trigger power requirements can be determined by calculating 
the base charge required to maintain the collector current in the on transistor. The 
trigger source must be capable of neutralizing this charge in order to turn off the 
transistor. It has been determined that the base charge for a non-saturated transistor is 
approximately Qb = 1.22 Ic/ 27 rfa. The turn-off time constant is approximately 
hpE/27rfa. This indicates that circuits utilizing high speed transistors at low collector 
currents will require the least trigger power. Consequently, it may be advantageous to 
use high speed transistors in slow circuitry if trigger power is critical. If the on tran¬ 
sistor was in saturation, the trigger power must also include the stored charge. The 
stored charge is given by 



where the symbols are defined in the section on transient response time. 


Generally, the trigger pulse is capacitively coupled. Small capacitors permit more 
frequent triggering but a lower limit of capacitance is imposed by base charge con¬ 
siderations. When a trigger voltage is applied, the resulting trigger current causes the 
charge on the capacitor to change. When the change is equal to the base charge just 
calculated, the transistor is turned off. If the trigger voltage or the capacitor are too 
small, the capacitor charge may be less than the base charge resulting in incomplete 


turn-off. In the limiting case C = . The speed with which the trigger turns off a 

V T 


transistor depends on the speed in which Qb is delivered to the base. This is determined 
by the trigger source impedance and r'b. 


In designing counters, shift registers or ring counters, it is necessary to make 
alternate sides of a flip-flop conduct on alternate trigger pulses. There are so-called 
steering circuits which accomplish this. At low speeds, the trigger may be applied at 
the emitters as shown in Figure 120. It is important that the trigger pulse be shorter 
than the cross coupling time constant for reliable operation. The circuit features few 
parts and a low trigger voltage requirement. Its limitations lie in the high trigger 
current required. 

At this point, the effect of trigger pulse repetition rate can be analyzed. In order 
that each trigger pulse produce reliable triggering, it must find the circuit in exactly 
the same state as the previous pulse found it. This means that all the capacitors in the 
circuit must stop charging before a trigger pulse is applied. If they do not, the result 


87 


EMITTER TRIGGERING 

MAXIMUM TRIGGER RATE EXCEEDS 5CX3KCS WITH TRIGGER 
AMPLITUDE FROM 2V TO lEV 


FIGURE 120 


is equivalent to reducing the trigger pulse amplitude. The transistor being turned ofiF 
presents a low impedance permitting the trigger capacitor to charge rapidly. The 
capacitor must then recover its initial charge through another impedance which is 
generally much higher. The recovery time constant can limit the maximum pulse rate. 











-TUT-T 

SQUARE 


COLLECTOR TRIGGERING 

MAXIMUM TRIGGER RATE EXCEEDS IMC WITH TRIGGER 
AMPLITUDE FROM 4V TO 12V. 


FIGURE 121 


BASE TRIGGERING 

MAXIMUM TRIGGER RATE EXCEEDS I MC 
WITH TRIGGER AMPLITUDE FROM 0.75 TO 
3 VOLTS. 

FIGURE 122 


Steering circuits using diodes are shown in Figures 121 and 122. The collectors 
are triggered in 121 by applying a negative pulse. As a diode conducts during trigger¬ 
ing, the trigger pulse is loaded by the collector load resistance. When triggering 
is accomplished, the capacitor recovers through the biasing resistor Rt. To minimize 
trigger loading, Rt should be large; to aid recovery, it should be small. To avoid the 
recovery problem mentioned above, Rt can be replaced by a diode as shown in 123. 
The diode’s low forward impedance ensures fast recovery while its high back im¬ 
pedance avoids shunting the trigger pulse during the triggering period. 

Collector triggering requires a relatively large amplitude low impedance pulse but 
has the advantage that the trigger pulse adds to the switching collector waveform to 
enhance the speed. Large variations in trigger pulse amplitude are also permitted. 








COLLECTOR TRIGGERING 
DIODE TO SUPPLY VOLTAGE REDUCES 
TRIGGER POWER AND EXTENDS MAXIMUM 
TRIGGER RATE. 


FIGURE 123 


COLLECTOR TRIGGERING WITH TRIGGER AMPLIFIER 


FIGURE 124 


In designing a counter, it may be advantageous to design all stages identically the 
same to permit the economies of automatic assembly. Should it prove necessary to 
increase the speed of the early stages, this can be done by adding a trigger amplifier 
as shown in Figure 124, without any change to the basic stage. 

Base triggering shown in Figure 122 produces steering in the same manner as 
collector triggering. The diflFerences are quantitative with base triggering requiring 
less trigger energy but a more accurately controlled trigger amplitude. A diode can 
replace the bias resistor to shorten the recovery time. 



Hybrid triggering illustrated in Figure 125 combines the sensitivity of base 
triggering and the trigger amplitude variation of collector triggering. In all the other 
steering circuits, the bias potential was fixed, in this one the bias potential varies in 
order to more effectively direct the trigger pulse. By returning the bias resistor to the 
collector, the bias voltage is Vcb. For the conducting transistor, Vcb is much less than 
for the off transistor, consequently, the trigger pulse is directed to the conducting 
transistor. This steering scheme is particularly attractive if Vcb for the conducting 
transistor is very small as it is in certain non-saturating circuits such as shown in 
Figure 107. 

Care should be taken that the time constant CtRt does not limit the maximum 
counting rate. Generally Rt can be made approximately equal to Rk the cross-coupling 
resistor. 





TRANSISTOR SWITCHES 


To design a shift register or a ring counter, it is only necessary to return Rt 
to the appropriate collector to achieve the desired switching pattern. The connections 
for the shift register are shown in Figure 119(a) and (b). A ring counter connection 
results from connecting the shift register output back to its input as shown in Figure 




SYMMETRICAL TRANSISTOR TRIGGERS BOTH SIDES OF 
FLIP-FLOP SIMULTANEOUSLY, 


TRIGGER TRANSISTORS SIMULTANEOUSLY SUPPLY CURRENT 
TO TURN OFF ONE SIDE OF FLIP-FLOP AND TO DEVELOP A 
VOLTAGE ACROSS THE COLLECTOR LOAD ON THE OTHER SIDE. 


FIGURE T26(A) 


FIGURE 126(B) 



CIRCUIT OF FIGURE 126(b) WITH TRIGGER STEERING 
ADDED FOR COUNTER APPLICATION 

TRIGGER CIRCUITS 

USING TRIGGER POWER TO INCREASE SWITCHING SPEED 
FIGURE 126(C) 


By using transistors as trigger amplifiers, some circuits superpose the trigger on the 
output of the flip-flop so that an output appears even if the flip-flop is still in the 
transient condition. Figure 126(a) shows a symmetrical transistor used for steering. The 
transistor makes the trigger appear in opposite phase at the flip-flop collectors speeding 
up the transition. The circuit in Figure 126(b) can have Rc and Rk so chosen so that 
a trigger pulse will bring the collector of the transistor being turned on to ground even 
though the transistor may not have started conducting. The circuit in 126(b) may be 
converted to a steering circuit by the method shown in 126(c). 





LOGIC 


Large scale scientific computers, smaller machine control computers and electronic 
animals all have in common the facility to take action without any outside help when 
the situation warrants it. For example, the scientific computer recognizes when it has 
completed an addition, and tells itself to go on to the next part of the problem. A 
machine control computer recognizes when the process is finished and another part 
should be fed in. Electronic animals can be made to sense obstructions and change 
their course to avoid collisions. Mathematicians have determined that such logical 
operations can be described using the conjunctives AND, OR, AND NOT, OR NOT. 
Boolean algebra is the study of these conjunctives, the language of logic. Transistors 
can be used to accomplish logic operations. To illustrate this an example from automo¬ 
bile operation will be used. 

Let us consider the interactions between the ignition switch, the operation of the motor 
and the oil pressure warning light. If the ignition is ofiF, the motor and light will both be 
oflF. If the ignition is turned on, but the starter is not energized the warning lamp 
should light because the motor has not generated oil pressure. Once the motor is 
running, the ignition is on and the lamp should be off. These three combinations of 
ignition, motor and lamp conditions are the only possible eombinations signifying 
proper operation. Note that the three items discussed have only two possible states 
each, they are on or off. This leads to the use of the binary arithmetic system, which 
has only two symbols corresponding to the two possible states. Binary numbers will be 
discussed later in the chapter. 
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I ’IGNITION 
M’MOTOR 
L’LAMP 
R ’RESULT 
I ’ON 
0 ’OFF 

»/= ACCEPTABLE 
X’UNACCEPTABLE 
N = 3=N0. OF VARIABLES 

2 ^ = 8 


Table of all possible combinations of ignition, motor and lamp conditions 

FIGURE 127 

To write the expressions necessary to derive a circuit, first assign letters to the 
variables, e.g., I for ignition, M for motor and L for lamp. Next assign the number one 
to the variable if it is on; assign zero if it is off. Now we can make a table of all possible 
combinations of the variables as shown in Figure 127. The table is formed by writing 
ones and zeros alternately down the first column, writing ones and zeros in series of 
two down the second; in fours down the third, etc. For each additional variable, 
double the number of ones or zeros written in each group. Only 2*^ rows are written, 
where N is the number of variables, since the combinations will repeat if more rows 
are added. Indicate with a check mark in the result column if the combination repre¬ 
sented in the row is acceptable. For example, combination 4 reads, the ignition is off 
and the motor is running and the warning light is on. This obviously is an unsatisfactory 
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situation. Combination 7 reads, the ignition is on and the motor is running and the 
warning light is off. This obviously is the normal situation while driving. If we indicate 
that the variable is a one by its symbol, and that it is a zero by the same symbol with 
a bar over it, and if we use the symbol plus (+) to_r^an “OR” and multiplication to 
mean “AND” we can write the Boolean equation TML + IML + IML = R where R 
means an acceptable result. The three terms on the left hand side are combinations 1, 6, 
and 7 of the table since these are the only ones to give a check mark in the result 
column. The plus signs indicate that any of the three combinations individually is 
acceptable. While there are many rules for simplifying such equations, they are beyond 
the scope of this book. 




To express this equation in circuitry, two basic circuits are required. They are 
named gates because they control the signal passing through. An “AND” gate generates 
an output only if all the inputs representing the variables are simultaneously applied and 
an “OR” gate generates an output whenever it receives any input. Our equation trans¬ 
lated into gates would be as shown in Figure 128. Only if all three inputs shown for an 
“AND” gate are simultaneously present will an output be generated. The output will 
pass through the “OR” gate to indicate a result. Note that any equation derived from 
the table can be written as a series of “AND” gates followed by one “OR” gate. 

It is possible to rearrange the equation to give a series of “OR” gates followed by one 
“AND” gate. To achieve this, interchange all plus and multiplication signs, and remove 
bars where they exist and add them where there are none. This operation gives us, 

(I + M 4- L) (T-f M + L) (T-h M + L) = R 
In ordinary language this means if any of the ignition or motor or lamp is on, and 
simultaneously either the ignition is off or the motor is on or the lamp is off, and 
simultaneously either the ignition is off or the motor is off or the lamp is on, then the 
result is unacceptable. Let us apply combination 4 to this equation to see if it is accept¬ 
able. The ignition is off therefore the second and third brackets are satisfied. The first 
bracket is not satisfied by the ignition because it requires that the ignition be on. 
However, the motor is on in combination 4, satisfying the conditions of the first bracket. 
Since the requirements of all brackets are met, an output results. Applying combination 
7 to the equation we find that the third bracket cannot be satisfied since its condi¬ 
tions are the opposite of those in combination 7. Consequently, no output appears. 
Note that for this equation, an output indicates an unacceptable situation, rather than 
an acceptable one, as in the first equation. In gate form, this equation is shown in 
Figure 129. 
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Consider the circuits in Figure 130. The base of each transistor can be connected 
through a resistor either to ground or a positive voltage by operating a switch. In 
Figure 130(a) if both switches are open, both transistors will be non-conducting except 
for a small leakage current. If either switch A or switch B is closed, current will flow 
through Rl. If we define closing a switch as being synonymous with applying an input 
then we have an “OR” gate. When either switch is closed, the base of the transistor 
sees a positive voltage, therefore, in an “OR” gate the output should be a positive 
voltage also. In this circuit it is negative, or “NOT OR”. The circuit is an “OR” gate 
with phase inversion. It has been named a “NOR” circuit. Note that if we define 
opening a switch as being synonymous with applying an input, then we have an 
“AND” circuit with phase inversion since both switch A and switch B must be open 
before the current through Rl ceases. We see that the same circuit can be an “AND” 
or an “OR” gate depending on the polarity of the input. 



GATE USING NPN TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT, THIS IS AN "0R“ GATE 
IF OPENING A SWITCH IS AN INPUT, THIS IS AN “AND'‘GATE 
NOTE: PHASE INVERSION OF INPUT 



GATE USING PNP TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN"AND'‘GATE 
IF OPENING A SWITCH IS AN INPUT THIS IS AN "OR" GATE 
NOTE: PHASE INVERSION OF INPUT 

BASIC LOGIC CIRCUITS USING PARALLEL TRANSISTORS 
FIGURE 130 

The circuit in Figure 130(b) has identically the same input and output levels but 
uses PNP rather than NPN transistors. If we define closing a switch as being an input. 
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we find that both switches must be closed before the current through Rl ceases. There¬ 
fore, the inputs which made the NPN circuit an “OR” gate make the PNP circuit an 
“AND” gate. Because of this, the phase inversion inherent in transistor gates does not 
comphcate the overall circuitry excessively. 

Figure 131(a) and (b) are very similar to Figure 130(a) and (b) except that the 
transistors are in series rather than in parallel. This change converts OR gates into 
“AND” gates and vice versa. 



GATE USING NPN TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN "AND" GATE 
IF OPENING A SWITCH IS AN INPUT THIS IS AN "OR"GATE 
NOTE: PHASE INVERSION OF INPUT 



GATE USING PNP TRANSISTORS 
IF CLOSING A SWITCH IS AN INPUT THIS IS AN "OR“ GATE 
IF OPENING A SWITCH IS AN INPUT THIS IS AN"AND"GATE 
NOTE: PHASE INVERSION OF INPUT 

BASIC LOGIC CIRCUITS 
USING saties transistors 
FIGURE 131 

Looking at the logic of Figure 129, let us define an input as a positive voltage; a 
lack of an input as zero voltage. By using the circuit of Figure 130(a) with three 
transistors in parallel, we can perform the “OR” operation but we also get phase 
inversion. We can apply the output to an inverter stage which is connected to an 
“AND” gate of three series transistors of the configuration shown in Figure 131(b). 
An output inverter stage would also be required. This is shown in Figure 132(a). 

By recognizing that the circuit in Figure 130(a) becomes an “AND” gate if the input 
signal is inverted, the inverters can be eliminated as shown in Figure 132(b). 
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NOT AND GATE INVERTER 


INVERTERS COMPENSATE FOR PHASE INVERSION OF GATES 



PHASE INVERSION UTILIZED TO ACHIEVE AND AND OR FUNCTIONS FROM THE SAME CIRCUIT. 

Circuits representing (I + M + L) (I + M + L) (I + M + L) = R 
FIGURE 132 

If the transistors are made by processes yielding low saturation voltages and high 
base resistance, the series base resistors may be eliminated. Without these resistors the 
logic would be called direct-coupled transistor logic DCTL. While DCTL offers ex¬ 
treme circuit simplicity, it places severe requirements on transistor parameters and 
does not offer the economy, speed or stability offered by other logical circuitry. 

The base resistors of Figure 132 relax the saturation voltage and base input voltage 
requirements. Adding another resistor from each base to a negative bias potential 
would enhance temperature stability. 

N^e that the inputs include both “on” and “off” values of all variables e.g., both 
I and I appear. In order that the gates function properly, I and I cannot both be posi¬ 
tive sim^aneously but they must be identical and oppositely phased, i.e. when I is 
positive I must be zero and vice versa. This can be accomplished by using a phase 
inverter to generate I from I. Another approach, more commonly used, is to take I 
and I from opposite sides of a symmetrical flip-flop. 



IF A OR B OR C IS RAISED FROM ZERO TO 
12 VOLTS THE TRANSISTOR WILL CONDUCT. 

BASIC NOR CIRCUIT 
FIGURE 133 


“NOR” logic is a natural extension of the use of resistors in the base circuit. In the 
circuit of Figure 133, if any of the inputs is made positive, sufficient base current 
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results to cause the transistor to conduct heavily. The “OR” gating is performed by 
the resistors; the transistor amplifying and inverting the signal. The logic of Figure 
129 can now be accomplished by combining the “NOR” circuit of Figure 133 with 
the “AND” circuit of Figure 131(a). The result is shown in Figirre 134. In comparing the 
circuits in Figure 132(a) and 134, we see that the “NOR” circuit uses one-fourth as 
many transistors and one-half as many resistors as the brute force approach. In fact if 
we recall that the equation we are dealing with gives R rather than R, we see that 
we can get R by removing the output phase inverter and making use of the inherent 
inversion in the “NOR” circuit. 



“NOR” logic using series transistors for 
“AND” gate 


FIGURE 134 


Because of the fact that a generalized Boolean equation can be written as a series 
of “OR” gates followed by an “AND” gate as was shown, it follows that such equations 
can be written as a series of “NOR” gates followed by a “NOR” gate. The low cost 
of the resistors used to perform the logic and the few transistors required make “NOR” 
logic attractive. 



IgsMlNlMUM BASE CURRENT FOR 
TURNING TRANSISTOR ON 
Ij «B1AS CURRENT TO KEEP TRANSISTOR 
OFF AT HIGH TEMPERATURES 
M »MAX. NUMBER OF INPUTS PERMITTED 
N « MAX. NUMBER OF OUTPUTS PERMITTED 
Vb£*MAX. BASE TO EMITTER VOLTAGE WHEN 
THE TRANSISTOR IS ON. 

Vrc = MAX. COLLECTOR TO EMITTER VOLTAGE WHEN 
THE TRANSISTOR IS ON. 

Circuit used for design of “NOR” circuitry 

FIGURE 135 
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A detailed “NOR” building block is shown in Figure 135. The figure defines the 
basic quantities. The circuit can readily be designed with the aid of three basic 
equations. The first derives the current Ik under the worst loading conditions at the 
collector of a stage. 

T Vcc — Vbe — IcomRc ^ __ T /an 

Ik =--—..where Icom (A) 

iak + INjac 

is the maximum Ico that is expected at the maximum junction temperature. The second 
equation indicates the manner in which Ik is split up at the base of the transistor. 


M (VcEM - VcEN -|- Vbe — V eb) — (Vbb — Vc 


where Vcen is the minimum expected saturation voltage, Vcbm is the maximum expected 
saturation voltage and Veb is the reverse bias required to reduce the collector current 
to Ico. Veb is a negative voltage. The third equation ensures that Vbb will be reached 
to turn off the transistor. 


T I (VcEM - Vbb)M t 

IcoM -j- -- - -= It 

Rk 


Knowing It and choosing a convenient bias potential permits calculation of Rt. In 
using these equations, first select a transistor type. Assume the maximum possible 
supply voltage and collector current consistent with the rating of the transistor and the 
maximum anticipated ambient temperature. This will ensure optimization of N and 
M. From the transistor specifications values of Icom, Vbb, Vcen, and Ib (min) can be 
calculated. Ib (min) is the minimum base current required to cause saturation. Rc is 
calculated from the assumed collector current. In equation (A) solve for Ik using the 
desired value of N and an arbitrary value for Rk. Substitute the value for Ik in equa¬ 
tion (B) along with a chosen value for M and solve for Ib. While superficially Ib need 
only be large enough to bring the transistor into saturation, increasing Ib will improve 
the rise time. 


INPUTS 



(o) CLAMPING DIODE REDUCES STORAGE (b) CAPACITORS REDUCE STORAGE 

TIME TO INCREASE SPEED TIME TO INCREASE SPEED 


FIGURE 136 

Circuit speed can also be enhanced by using a diode as shown in Figure 136(a) 
to prevent severe saturation or by shunting Rk by a capacitor as in 136(b). The capaci¬ 
tors may cause malfunction unless the stored charge during saturation is carefully 
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controlled; they also aggravate crosstalk between collectors. For this reason it is pref¬ 
erable to use higher frequency transistors without capacitors when additional speed 
is required. 


BINARY ARITHMETIC 


Because bistable circuits can be readily designed using a variety of components 
from switches to transistors, it is natural for counters to be designed to use binary 
numbers, i.e. numbers to the base 2. In the conventional decimal system, a number 
written as 2904 is really a contraction for 2 X 10® -f- 9 X 10^ -f 0 X 10' -f- 4 X 1. We 
see that each place refers to a different power of 10 in ascending order from the right. 
In the binary system, only two symbols are permitted, 0 and 1. All numbers are 
constructed on the basis of ascending powers of 2. For example, 11011 means 
Ix2'-j-lx2®-f0x2®-|-lx2'-|-lx 1. This is 27 in the decimal system. Using 
this construction, we can compare the form of binary and decimal numbers. 


Binary 

0 

1 

10 

11 

100 

101 

110 

111 


Decimal 

0 

1 

2 

3 

4 

5 

6 

7 


We see that the table in Figure 127 is actually a list of the first 8 binary numbers. The 
count in a binary counter can be determined by noting whether each stage is in the 
1 or 0 condition, and then assigning the appropriate power of 2 to the stage to construct 
the number as in our examples. 

To multiply a number by 10 we add a zero to the right hand side in the decimal 
system. In the binary system, we add a zero when multiplying by two. This is equiva¬ 
lent to shifting the number one place to the left. This operation is done by a shift 
register. 

If it is required to count to a base other than 2, a binary counter can be modified 
to counter to another base. 

The rules for accomplishing the modification will be illustrated by constructing a 
counter to the base 10. 


Rule 

1) Determine the number of binary stages 
(N) required to count to the desired 
new base (M) 

2) Subtract M from 2^’ 

3) Write the remainder in binary form 

4) When the count reaches 2”"', feed 
back a one to each stage having a one 
in the remainder 


Example 
M =: 10 
2® < 10<2' 

N = 4 
2 " - 10 = 6 
6 = 110 

2N-1 _ 2* = 1000 

Feedback added gives 

1 no 


As additional pulses are added they will count through to M and then recycle to 
zero. This method is based on advancing the count at the point 2'*“' to the extent that 
the indicated count is 2” when M input pulses are applied. The feedback is applied 
when the most significent place becomes a one but it is imperative that feedback 
be delayed until the counter settles down in order to avoid interference with the 
normal counter action. 
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Transistor types 3N36 and 3N37 are grown germanium NPN tetrodes manufac¬ 
tured by the meltback process. The 3N36 is generally used between 30 MC and 90 
MC while the 3N37 is used from 90 MC to 200 MC. Primarily intended for high 
frequency use as RF amplifiers, IF amplifiers, mixers and oscillators, these transistors 
are also excellent for wide band video amplifiers. The use of base-two for ACC control 
is also attractive in that very little detuning of the collector circuit results. 

Formerly designated by the development number ZJ-22, these types are now in 
quantity production. The case dimensions of these transistors conform to the 
JETEC TO-12 package. They are electrically isolated from the ease, which may be 
grounded by the indexing tab, if required for shielding purposes. The design is suitable 
for automatic insertion into printed circuit boards. 

It has long been recognized that smaller bar size will improve high frequency 
transistor performance. In particular, small cross section base regions will reduce the 
base spreading resistance, r'b, (or high frequency base resistance). High r'b is the most 
degradating high frequency parameter and is almost always the performance-limiting 
factor. One approach to reducing r'b is to use physically minute bars. While this solves 
the electrical problem and is technically possible, the cost of manufacture is high and 
mechanieal reliability is low. To overcome these problems, G.E. uses a reasonable 
size bar and obtains the high frequency performance by electrical means. With the 
addition of a second base lead and the application of a suitable cross-base bias, an 
electric field is established which “compresses” the active base region and thereby brings 
about a significant reduction in the high frequency base resistance. See Figure 137. 



FIGURE 137 

Improvements in base resistance of the order of 10 to 1 are achieved by the tetrode 
over the triode. Since the collector-base junction is normally biased in the inverse 
direction, the addition of base-two bias has relatively little effect on the collector 
junction. It merely increases the average bias by Vb^b 2/2 which at any collector bias 
over a few volts has practically no effect. 

Operation in the common emitter configuration is generally recommended for sev¬ 
eral reasons. Operation is more stable and is less likely to be regenerative. Power gain 
is higher except at the upper frequency limits. The effect of collector capacity on 
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internal feedback is approximately halved when base-two is connected to a-c ground. 
See Figure 138 for a simplified equivalent circuit. 



Approximate equivalent circuit of tetrode 

FIGURE 138 


As can be seen, half the collector capacity is across the load and can be tuned 
out. Thus, it does not contribute to the internal feedback. Output impedance is 
increased by a factor of 2, with a corresponding improvement in high frequency 
available power gain. Figure 139 shows the typical power gain variations of a 3N36 
at 60 MG with collector voltage, emitter current and base-two bias. Curves for the 
3N37 at 150 MC have the same general shape. 





CROSS-BASE BIAS 
(VOLTS) 

Power gain variations with bias 

FIGURE 139 






TETRODE TRANSISTORS 


Typical d-c biasing methods are shown in Figures 140 and 141. Recommended 
conditions are: 

Collector to emitter voltage, Vce = 5 volts; base-one to base-two 
voltage, VbiB 2 = 2 volts; base-one to base-two current, IbiB 2 = 

.5 ma; emitter current, Ib = 1.5 ma. 



Typical biasing methods 

FIGURE 140 




Typical biasing methods 

FIGURE 141 


Typical circuit configurations utilizing tetrode transistors are shovra in Figures 
142,143, and 144. 


+ 



FIGURE 142 








SILICON CONTROLLED RECTIFIER 


The Silicon Controlled Rectifier is neither completely a transistor nor a rectifier, 
but by combining features of both of these devices, the Controlled Rectifier opens up 
broad new fields of application for semiconductors. The Controlled Rectifier is a 
PNPN semiconductor consisting of three rectifying junctions with three terminals as 
indicated in Figure 145A. Its corresponding schematic symbol is depicted in Figure 145B. 
A 15 ampere, 300 volt version of the Controlled Rectifier is shown in Figure 145C. 



FIGURE 145(A) FIGURE 145(B) FIGURE 145(C) 

The anode to cathode electrical characteristics of the Controlled Rectifier are shown 
in Figure 146. With reverse voltage impressed on the device (cathode positive), the 
Controlled Rectifier blocks the flow of current as shown in the third quadrant of Figure 
146. With positive voltage applied to the anode (first quadrant), the Controlled Rectifier 
also blocks the flow of current up to the breakover point indicated by Vbo. At this 
point, the blocking resistance of the Controlled Rectifier decreases almost instanta¬ 
neously to a very low value and current flow is then limited only by the external 
voltage and circuit impedance. At anode to cathode voltages less than Vbo, the Con¬ 
trolled Rectifier can be switched into the high-conduction state by a low-level gate-to- 
cathode current. This latter method of “turning on” the Controlled Rectifier is- used 
in the majority of applications since it permits precise control of large blocks of power 
by very low power signal sources. The Controlled Rectifier can be “turned off” by 
reducing the flow of anode current to less than the holding value In. This can be ac¬ 
complished by reducing the supply voltage to zero as occurs every cycle in a-c circuits, 
or by diverting anode current around the Controlled Rectifier for the few microseconds 
required for the device to recover its blocking state. 





SILICON CONTROLLED RECTIFIERS 
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Figure 147 illustrates one way in whieh the Controlled Rectifier can be used to switch 
d-c loads. To close the switch, the gate circuit is energized momentarily from the 
main d-c supply through capacitor C and some kind of signal device, here represented 
by a “Start” push button. As soon as the “Start” button is released, C charges to 
essentially the d-c supply voltage through resistor r. When the “Stop” button is de¬ 
pressed momentarily, the positive terminal of C is connected to ground. This action 
impresses a reverse voltage across the Controlled Rectifier for the few microseconds 
necessary to return it to the blocking state. 



FIGURE 147 

An a-c static switch is illustrated in Figure 148. It is ideal for applications involving 
a high duty cycle because it eliminates contact bounce and wear as experienced on 
relays or contactors. The control device indicated can consist of the contacts of a 
thermostat, pressure switch, current relay, or a voltage sensitive device. Signals from 
magnetic cores, transistors, or tubes can also be used to control sizeable blocks of 
power in this type of circuit. Resistor R is provided to limit gate current, and the 
diodes serve to channel the gate current through the proper Controlled Rectifier as the 
a-c input voltage swings alternately positive and negative. 
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A.C. STATIC SWITCH 

FIGURE 148 

By phase shifting the gate signal with respect to the anode voltage, the Controlled 
Rectifier can be used to control the magnitude of the output voltage in addition to 
switching it “on” and “off”. 
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POWER SUPPLIES 


Both silicon and germanium cells can be used in the types of power supplies illus¬ 
trated in Figmes 149,150,151, and 152. All four of these power supplies are designed for 
low ripple output and high reliabihty at minimum expense. However, they are limited 
to Class A types of load in which the average load current does not vary with the 
amplitude of the impressed signal. Class B loads require a stiffer voltage source than 
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V OUTPUT 

1 
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OUTPUT 

VOLTAGE 

V 

OUTPUT 

CURRENT 

Rl 

■ 

R2^ 

APPROX. 

RIPPLE 

12 VOLTS 

1 MA. 

43K, I/2W 

250 Mf 

15 VOLT 
ELECTROLYTIC 

I80K 

I/2W 


12 VOLTS 

2 MA. 

22K, I/2W 

250 

15 VOLT 
ELECTROLYTIC 

lOOK 

I/2W 


25 VOLTS 

2 MA. 

I8K,I/2W 

250>it 

30 VOLT 
ELECTROLYTIC 

IBOK 

I/2W 



PRE-AMP POWER SUPPLY 
FIGURE 149 


^TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS, 
ADJUST R2. 


GENERAL PURPOSE 
TRANSISTOR 
POWER SUPPLY 
FIGURE 150 


G. E. 

Cl Rl IN9I R2 



OUTPUT 

VOLTAGE 

V 

OUTPUT 

CURRENT 

Rl 

R2 

R3* 

Cl 

METALLIZED 

PAPER 

C2 

C3 

APPROX. 

RIPPLE 

12 VOLTS 

lOOMA. 

2n 

1 WATT 

looa 

2W 

zzooa 

IW 

THREE 
Z-fcf IN 
PARALLEL 
200 V 

250 

15 VXT 
ELECTRaniC 

250/if 

15 VOLT 
nECTROYTIC 

0.5% 

12 VOLTS 

I50MA 

2a 

IWATT 

looa 

low 

22ooa 

IW 

FOUR 
2-/<f IN 
PARALLEL 
200V 

250/if 

15 VOLT 
ELECTROLYTIC 

250/if 

15 VOLT 
ELECTROLYTIC 

0.5% 

25 VOLTS 

SOMA 

za 

IWATT 

250A 

2W 

io,oooa 

IW 

TWO 

IN 

PARALLEL 

200V 

100/if 

50 VOLT 
ELECTROLYTIC 

250/if 

30 VOLT 
ELECTROLYTIC 

0.5% 


* TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS, 
ADJUST R3. 
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POWER SUPPLIES 



Tl - U.TC. R-43 AUTOTRANSFORMER OR EQUAL 
2:1 WINDING RATIO 


POWER SUPPLY FOR HIGH POWER CLASS A TRANSISTOR AMPUFIER 
FIGURE 151 

the resistance-capacity combinations of the illustrated power supplies can provide. For 
Class B and other loads that require good voltage regulation, it is recommended that 
the line voltage be reduced through transformers rather than series resistance or 
capacitance, and that chokes be substituted for the series resistance in the filter 
elements. Alternately, a regulated power supply such as shown on page 108 can be used. 

This circuit uses a step-down transformer and full-wave rectifier as a source of 
unregulated DC. A power transistor acts as a series regulator and mercury batteries 
are used for the voltage reference. The battery drain is very small so their life is essen¬ 
tially equal to the shelf life. 

When a semiconductor rectifier feeds a capacity-input filter such as in Figures 149 
through 152, it is necessary to limit the high charging current that flows into the input 
capacitor when the circuit is energized. Otherwise this surge of current may destroy 
the rectifier. Resistor R1 is used in Figures 149 through 152 to limit this charging 
current to safe values. 

As shown, the four power supplies do not isolate the load circuit from the 117 volt 
AC line. In Figures 149 and 150, the load circuit may be grounded provided a polarized 
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POWER SUPPLIES 





Cl :i:C2 


+ + 


V OUTPUT 



^ TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS, 
ADJUST R3. 


POWER SUPPLY FOR HIGH POWER CLASS A TRANSISTOR AMPUFIER 

FIGURE 152 

plug is used on the AC line cord to ensure that the grounded side of the AC line is 
always connected to the grounded side of the load. Figures 151 and 152 utilize what is 
called a single phase bridge rectifier circuit to achieve full wave rectification, and 
hence, lower ripple. Since ground cannot be carried through on a common line to the 
load in this type of circuit, it is necessary to insulate the load “ground” from accidental 
contact with true ground, or to insert an isolation transformer ahead of the power 
supply to isolate the two systems. Careful attention to these factors is of particular 
importance when supplying DC to high gain amplifiers to eliminate hum. 

As illustrated. Figures 149 and 150 develop a negative output voltage with respect 
to ground as required when supplying P-N-P transistors with grounded emitters. To 
develop a positive voltage with respect to ground, it is only necessary to reverse the 
rectifiers and electrolytic capacitors in the circuit. 

The power supply of Figure 151 uses an autotransformer to reduce the line voltage 
to one-half normal value before applying to the rectifiers. Provided the additional heat 
dissipation is not objectionable. Figure 152 provides a cheaper means of achieving the 
same objective by using resistor R2 to reduce the voltage to the desired value. 
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COMPLETE POWER SUPPLY CIRCUITS 


STANCOR 



POWER SUPPLY FOR FIVE-WATT AMPUFIER 
FIGURE 153 


UTC 



40 V (NO LOAD) 
33V (4A) 


-INI692 


38 V (NO LOAD) 
34 V (4A) 


IN537'S 


POWER SUPPLY FOR DUAL SIX-WATT AMPUFIER 
FIGURE 154 
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Cl - 1500 >uf, 50 VOLTS 
C2- 1500 juf, 50 VOLTS 
C3- 1500 /jf, 50 VOLTS 
C4- 1500 /jf, 50 VOLTS 
SILICON BRIDGE-FOUR-INIII5 


POWER SUPPLY FOR DUAL TEN-WATT AMPUFIERS 
FIGURE 155 


POWER SUPPLIES 


TRANSISTOR SPECIFICATIONS 


HOW TO READ A SPECIFICATION SHEET 

Semiconductors are available in a large variety of different types, each with its own 
unique characteristics. At the present time there are over 2200 different types of' diodes 
and rectifiers and over 750 different types of transistors being manufactured. 

The Characteristics of each of these devices are usually presented in specification 
sheets similar to the ones represented on the next two pages. These specifications, 
particularly the transistor specification on the next page, contain many terms and 
ratings that are probably new to you, so we have selected several of the more important 
ones and explained what they mean. 

NOTES ON TRANSISTOR SPECIFICATION SHEET 

(T) The lead paragraph is a general description of the device and usually contains 
three specific pieces of information — The kind of transistor, in this case a silicon NPN 
triode, — A few major application areas, amplifier and switch, — General sales features, 
electrical stability and a standard size hermetically sealed package. 

The Absolute Maximum Ratings are those ratings which should not be exceeded 
under any circumstances. Exceeding them may cause device failure. 

The Power Dissipation of a transistor is limited by its junction temperature. 
Therefore, the higher the temperature of the air surrounding the transistor (ambient 
temperature), the less power the device can dissipate. A factor telling how much the 
transistor must be derated for each degree of increase in ambient temperature in de¬ 
grees centigrade is usually given. Notice that this device can dissipate 150mw at 25°C. 
By applying the given derating factor of Imw for each degree increase in ambient 
temperature, we find that the power dissipation has dropped to Omw at 175°C, which 
is the maximum operating temperature of this device. 

(J) All of the remaining ratings define what the device is capable of under specified 
test conditions. These characteristics are needed by the design engineer to design 
matching networks and to calculate exact circuit performance. 

Current Transfer RoHa is another name for beta. In this case we are talking about 
an a-c characteristic, so the symbol is hte. Many specification sheets also list the d-c 
beta using the symbol hpE. Beta is partially dependent on frequency, so some specifica¬ 
tions list beta for more than one frequency. 

The Naise Figure is a measurement derived to evaluate the amount of electrical 
noise produced by the transistor in a circuit. 

(^ The Frequency Cutaff fai, of a transistor is defined as that frequency at which the 
grounded base current gain drops to .707 of the Ike value. It gives a rough indication 
of the useful frequency range of the device. 

(D The Callectar Cutaff Current is the leakage current from collector to base when 
no emitter current is being applied. This leakage current varies with temperature 
changes and must be taken into account whenever any semiconductor device is de¬ 
signed into equipment used over a wide range of ambient temperature. 

The Switching Characteristics 
given show how the device re¬ 
sponds to an input pulse under the 
specified driving conditions. These 
response times are very dependent 
on the circuit used. The terms used 
are explained in the curves at right. 
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TRANSISTOR SPECIFICATIONS 


'' The General Electric Type 2N332 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 


OH 


2N332 


Outline Drawing No. 4 


and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diffused base. 

Electrical stability is insured by means of a minimum 150 

hour 200°C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical reliability. This 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


SPECIFICATIONS 


(D-c 


ABSOLUTE MAXIMUM RATINGS 
Voltages 

: (25°C) 


Collector to Base (Emitter Open) 

VcBO 

45 volts 

Emitter to Base ( Collector Open) 

Vbbo 

I volt 

Collector Current 

Ic 

25 ma 

Power* 

Collector Dissipation (25°C) 

Pc’ 

150 mw 

Collector Dissipation (I25°C) 

Pc 

50 mw 

Temperature Range 

Storage 

T.stc; 

-65°C to 200'’C 

Operating 

-( ^Derate lmw/°C increase 

Ta 

in ambient temperature. 

-55°C to ITS'-C 


m 



ELECTRICAL CHARACTERISTICS: (25°C) 

(Unless otherwise specified; Vcb = 5v; 
Ie = —1 mo; f = 1 ke) 


Smoll Signol Chorocteristics 

m ( 5 )— C Current Transfer Ratio 

Input Impedance 
Reverse Voltage Transfer Ratio 
Output Admittance 
Power Gain 

(VoE =: 20v; Ib = —2ma; f = Ike; 
Hi _ Ro = IK ohms; Rl = 20K ohms) 

Noise Figure 


High Frequency Chorocteristics 

u C Frequency Cutoff 

" (Vcb = 5v; Ie =-Ima) 

Collector to Base Capacity 

(Vcb = 5v; Ie = —Ima; f = Imc) 
Power Gain (Common Emitter) 

(Vcb = 20v; Ie = —2ma; f= 5mc) 


D-C Chorocteristics 

Collector Breakdown Voltage 

(IcBO = 50ga; Ib = 0; Ta = 25°C) 
Collector Cutoff Current 

(VcB == 30v; Ib = 0; Ta = 25°C) 
(VcB= 5v; Ie = 0; Ta = ISO'C) 
Collector Saturation Resistance 
(Ib = Ima; Ic = 5ma) 




MIN. 

NOM. 

MAX. 


life 

9 

15 

20 


hib 

30 

53 

80 

ohms 

hrb 

.25 

1.0 

5.0 

X 10-1 

hob 

0.0 

.25 

1.2 

/tmhos 

Ge 


35 


db 

NF 


28 


db 


fab 

15 

me 

Cob 

7 

ggf 

Ge 

17 

db 


BVcbo 

45 



volts 

ICBO 


.02 

2 


ICBO 



50 

yua 

Rsc 


80 

200 

ohms 


C Switching Chorocteristics 



(Ib, = 0.4 ma; Ibj = —0 4 ma; 
Ic = 2.8 ma) 

Delay Time 
Rise Time 
Storage Time 
Fall Time 


td 

tr 

ts 

tf 


.75 

/tsec 

.5 

Atsec 

.05 

/4sec 

.15 

wsec 
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TRANSISTOR SPECIFICATIONS 


NOTES ON RECTIFIER SPECIFICATION SHEET 

The performance of a rectifier is judged primarily on four key measurements, or 
parameters. They are always given for specific ambient conditions, such as still air 
and 55 °C, and are based on a 60 cycles per second (A-C) input with the rectifier 
feeding a resistive or inductive load (see (A) below). A capacitive load will increase 
the Peak Inverse Voltage and necessitate a different set 
of ratings than shown here. These key parameters are: 

® Maximum Peak Inverse Voltage (usually referred 
to as PIV), the peak a-c voltage which the unit will 
withstand in the reverse direction; (D Maximum Allow¬ 
able D-C Output Current, which varies with ambient 
temperature; (J) Moximum Allowable One-cycle Surge Current, representing the 
maximum instantaneous current which the rectifier can withstand, usually encount¬ 
ered when the equipment is turned on; ® Moximum Full-load Forward Voltage Drop, 
measured with maximum d-c output flowing and maximum PIV applied. This is a 
measure of the rectifier’s efficiency. 



60 CPS (CYCLES PER SECOND) 
A-C INPUT 


1N1692, 1N1693 
1N1694, 1N1695 


These alloy junction silicon rectifiers are designed 
for general purpose apphcations requiring maxi¬ 
mum economy. These rectifiers are hermetically 
sealed and will perform reliably within the oper¬ 
ating specifications. 


RATINGS AND SPECIFICATIONS 




CPS, Resistive or inductive) 


3)—C Max. Allowable Peak Inverse Voltage 
Max. Allowable RMS Voltage 

Max. Allowable Continuous Reverse 
DC Voltage 

Max. Allowable DC Output 100°C Ambient 
Max. Allowable DC Output 50°C Ambient 
Max. Allowable One Cycle Surge Current 


3H 


®—T Max. Full Load Forward Voltage Drop 
(Full cycle average at 100°C) 

Max. Leakage Current at Rated PIV 
(Full cycle average at 100°C) 

Peak Recurrent Forward Current 
Max. Operating Temperature 


1N1692 

1N1693 

1N16;94 

1N1695 

100 

200 

300 

400 volts 

70 

140 

210 

280 volts 

100 

200 

300 

400 volts 

250 

250 

250 

250 ma 

600 

600 

600 

600 ma 

20 

20 

20 

20 amps 

.60 

.60 

.60 

.60 volts 

0.5 

0.5 

0.5 

0.5 ma 

2.0 

2.0 

2.0 

2.0 amps 

◄- 

-hllS'C - 

-—► 


The Other ratings or specifications are additional yardsticks of performance which 
are more or less critical depending on the operating conditions to be experienced. 
For instance, the IN 1692 Series for which specifications are shown, being silicon recti¬ 
fiers, are able to show a higher range of Ambient Operating Temperatures with higher 
output than a germanium unit would, and are preferred on this basis for many appli¬ 
cations. Maximum Leakage Current refers to the reverse current which will flow when 
voltage is applied, and here, too, can be a critical measure of performance for specific 
applications such as magnetic amplifiers. 

Sometimes there is confusion as to whether a unit is a Diode or a Rectifier. Actually 
the word Diode means “two” and both rectifiers and diodes have two elements. 
However, rectifiers are capable of handling much larger currents than diodes. The term 
diode is used to describe units used in high frequency, low current, signal applications 
such as in high frequency circuits of television receivers. 
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TRANSISTOR SPECIFICATIONS 


EXPLANATION OF PARAMETER SYMBOLS 

SMALL SIGNAL & HIGH FREQUENCY PARAMETERS (at specified bias) 


Symbols 

Abbreviated Definitions 

hob 

Com. base — output admittance, input AC open-circuited 

hlb 

Com. base — input impedance, output AC short-circuited 

llrb 

Com. base — reverse voltage transfer ratio, input AC open-circuited 

hfb 

Com. base \ 

hfe 

... ( forward current transfer ratio. 

Com. emitter > short-circuited 

hf c 

Com. collector J 

lloe* 111e 

Examples of other corresponding com. emitter symbols 

fab 

Com. base , the frequency at which the magnitude of the small- 

fae 

Com. emitter ' 0.707 of its low frequency value. 

fMAX 

Maximum frequency of oscillation 

Cob 

Collector to base ) Capacitance measured across the output terminals 

Coo 

Collector to emitter \ open-circuited 

r'b 

Base spreading resistance 

Ge 

Com. emitter Power Gain (use Gb for com. base) 


Conversion gain 


Noise Figure 


SWITCHING CHARACTERISTICS (at specified bias) 


td 

Ohmic delay time 1 

\ 

tr 

Rise time I 

f 

. These depend on both transistor 

ts 

Storage time | 

and circuit parameters 

i 

tf 

Fall time j 



VcB (SAT.) 

Saturation voltage at specified Ic and Ib. This is defined only with the collector 
saturation region. 

hpB 

Ic 

Com. emitter — static value of short-circuit forward current transfer ratio, hrs 

hPB (INV) 

Inverted hra (emitter and collector leads switched) 


Ib2 (MOD) 

UNIJUNCTION TRANSISTOR 

1 Modulated interbase current 

MEASUREMENTS 

Ip 

Peak point emitter current 


Iv 

Valley current 


Rbbo 

Interbase resistance 


Vbb 

Interbase voltage 


Vv 

Valley voltage 


V 

Intrinsic stand-off ratio. Defined by Vp 

= 7? Vbb -f- (in ° Kelvin) 





TRANSISTOR SPECIFICATIONS 


DC MEASUREMENTS 


Ic, Ib, Ib 

DC currents into collector, emitter, or base terminal 

VcB, Vbb 

Voltage collector to base, or emitter to base 

VcB 

Voltage collector to emitter 

Vbb 

Voltage base to emitter 

BVcbo 

Breakdown voltage, collector to base junction reverse biased, emitter open-circuited 
(value of Ic should be specified) 

VcBO 

Voltage collector to emitter, at zero base current, with the collector junction 
reverse biased. Specify Ic. 

BVcbo 

Breakdown voltage, collector to emitter, with base open-circuited. This may be a 
function of both “m” (the charge carrier multiplication factor) and the htb of the 
transistor. Specify Ic. 

VCBR 

Similar to Vceo except a resistor of value “R” between base and emitter. 

VCES 

Similar to Vceo but base shorted to emitter. 

VPT 

Punch-through voltage, collector to base voltage at which the collector space 
charge layer has widened until it contacts the emitter junction. At voltages above 
punch-through, Vpt = Vcb — Vbb 

VCCB 

VCCB 

Vbbe 

Supply voltage collector to base | NOTE — third subscript 

Supply voltage collector to emitter >• may be omitted if no 

Supply voltage base to emitter 1 confusion results. 

Ico, Icbo 

Collector current when collector junction is reverse biased and emitter is DC 
open-circuited. 

Ibo, Ibbo 

Emitter current when emitter junction is reverse biased and collector is DC 
open-circuited. 

Icbo 

Collector current with collector junction reverse biased and base open-circuited. 

Ices 

Collector current with collector junction reverse biased and base shorted to emitter. 

Ibcs 

Emitter current with emitter junction reverse biased and base shorted to collector. 

Rsc 

Collector saturation resistance 


OTHER SYMBOLS USED 

PcM 

Peak collector power dissipation for a specified time limit 

PCAV 

Average maximum collector power dissipation 

Po 

Power output 

Zi 

Input impedance 

Zo 

Output impedance 

Ta 

Operating Temperature 

Tj 

Junction Temperature 

Tstg 

Storage Temperature 


NOTE: In devices with several electrodes of the same type, indicate electrode hy number. Example: 
Ib 2 . In multiple unit devices, indicate device by number preceding electrode subscript. Example: I 2 C. 
Where ambiguity might arise, separate complete electrode designations by hyphens or commas. Exam¬ 
ple: V 1 C 1 - 2 C 1 (Voltage between collector #I of device #1 and collector #1 of device #2.) 

NOTE: Reverse biased junction means biased for current flow in the high resistance direction. 
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ENTERTAINMENT I INDUSTRIAL • COMPUTER • MILITARY 


TRANSISTOR SPECIFICATIONS 


TRANSISTOR SUMMARY 

The table below shows all current General Electric Signal Transistor types along 
with the maximum dimension of the package base and general application area. 


INLINE LEAD 

.460 MAX 


TRIANGULAR LEAD 

.370 MAX 


INLINE LEAD 

.530 MAX 


TRIANGU LAR LEADI 

.370 MAX 


























TRANSISTOR SPECIFICATIONS 


GENERAL ELECTRIC 
TRANSISTOR SPECIFICATIONS 


2N43 


Outline Drawing No. 1 


The General Electric Type 2N43 Germanium Alloy Junc¬ 
tion Transistor Triode is a PNP unit particularly recom¬ 
mended for high gain, low power applications. A hermetic 
enclosure is provided by use of glass-to-metal seals and 
welded seams. 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (2S°C) 
Voltages 

Collector to Base Vcb 

Collector to Emitter Vcb 

Emitter to Base Veb 


—45 volts 
—30 volts 
—5 volts 


Collector Current Ic —300 ma 

Power 

Total Transistor Dissipation Pm 240 mw 


Temperature 

Storage Tsto 

.Operating Junction Tj 


Max. -1-100 °C Min. -65 “C 
Max. -f- 85 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 
Smell Signol Charocteristics 

(Vcb or VcE = —5 volts, Ib = 1 mo; 
f = 270 cps unless otherwise specified) 

Common base output admittance 
(input A-C open circuited) 

Forward current transfer ratio 
(output A-C short circuited) 

Common base input impedance 
(output A-C short circuited) 

Common base reverse voltage transfer 
ratio (input A-C open circuited) 
Common base output capacity (input 
A-C open circuited; f = 1 me) 

Noise Figure (f = 1 Kc; BW == 1 cycle) 
Frequency cutoff (Common Base) 


D-C Chorocteristics 

Collector cutoff current ( Vcbo = —45v) 
Emitter cutoff current ( Vebo = —5v) 
Base input voltage, common emitter 
(VcE = —1 volt; Ic =: —20 ma) 
Common emitter static forward current 
transfer ratio (Vce = —1 volt; 

Ic = —20 ma) 

Common emitter static forward current 
transfer ratio (Vce = —1 volt; 

Ic = —100 ma) 

Collector to emitter voltage (10 K ohms 
resistor base to emitter; Ic = —0.6 ma) 
Punch-through voltage 


DESIGN 

MIN. MAX. CENTER 


hob 

.1 

1.5 

.8 

/(mhos 

hf* 

30 

66 

42 


hib 

25 

35 

29 

ohms 

hrb 

1 

15 

5 

X io-« 

Cob 

20 

60 

40 

/ifil 

NF 


20 

6 

db 

fab 

.5 

3.5 

1.3 

me 

Ico 


-16 

-8 

/(amps 

Ibo 


-10 

—4 

/(amps 

Vbb 



-.23 

volts 

hrB 

34 

65 

53 


hpE 

30 


48 


VcER 

—30 



volts 

Vi'T 

-30 



volts 


Thermol Charocteristics 

Junction temperature rise/unit collector 
or emitter dissipation (in free air) 
Junction temperature rise/unit collector 
or emitter dissipation (infinite heat sink) 


0.25 °C/mw 

0.11 °C/mw 
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TRANSISTOR SPECIFICATIONS 


The 2N43A is a commercial version of the military type 
2N43A per MIL-T-19500, and is tested to the same elec- 
H trical, mechanical and degradation tests. 

Outline Drawing No. 1 


2N43A 


■I 


m 


HI 


m 


The General Electric Type 2N44 Germanium Alloy Junc¬ 
tion Transistor Triode is a PNP unit particularly recom¬ 
mended for medium gain, low power applications. A her¬ 
metic enclosure is provided by use of glass-to-metal seals 
and welded seams. 


2N44 

Outline Drawing No. 1 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltages 

Collector to Base 
Collector to Emitter 
Emitter to Base 

Collector Current 
Power 

Total Transistor Dissipation 

Temperature 

Storage 

Operating Junction 


VCB 

VcE 

Veb 

Ic 


Pm 


Tstg 

Tj 


MIN. 


hob 

.1 

hfe 


hib 

27 

hrb 

1.0 

Cob 

20 

NF 


fab 

.5 

Ico 


Ieo 


Vbe 


hpE 

18 

hpE 

13 

VcER 

-30 

Vpt 

-30 


—45 volts 
—30 volts 
—5 volts 

—300 ma 


240 mw 


Max. -f 100 °C Min. —65 °C 
Max. -j- 85 °C 



DESIGN 


MAX. 

CENTER 


1.5 

.9 

/imhos 


25 


38 

31 

ohms 

13 

4 

X io-‘ 

60 

40 

Utlt 

15 

6 

db 

3.0 

1.0 

me 

-16 

-8 

/lamps 

—10 

—4 

/lamps 


— .25 

volts 

43 

31 



25 

volts 



volts 

0.25 


°C/mw 

0.11 


°C/mw 


ELECTRICAL CHARACTERISTICS: (25°C) 
Small Signal Characteristics 

(VcB or VcE = —5 volts, Ie = 1 mo; 
f == 270 cps unless otherwise specified) 

Common base output admittance 
(input A-C open circuited) 

Forward current transfer ratio 
(output A-C short circuited) 

Common base input impedance 
(output A-C short circuited) 

Common base reverse voltage transfer 
ratio (input A-C open circuited) 
Common base output capacity (input 
A-C open circuited; f = 1 me) 

Noise Figure (f = 1 Kc; BW = 1 cycle) 
Frequency cutoff (Common Base) 

D-C Choracteristics 

Collector cutoff current ( Vcbo = —45v) 
Emitter cutoff current ( Vebo = —5v ) 

Base input voltage, common emitter 
Common emitter static forward current 
transfer ratio (Vce == —1 volt; 

Ic = —20 ma) 

Common emitter static forward current 
transfer ratio ( Vcb = —1 volt; 

Ic = —100 ma) 

Collector to emitter voltage (10 K ohms 
resistor base to emitter; Ic = —0.6 ma) 
Punch-through voltage 

Thermal Characteristics 

Junction temperature rise/unit collector 
or emitter dissipation (in free air) 
Junction temperature rise/unit collector 
or emitter dissipation (infinite heat sink) 


The 2N44A is a commercial version of the military type 
2N44A per MlL-T-19500, and is tested to the same elec¬ 
trical, mechanical and degradation tests. _ . , 

Outline Drawing No. 1 


2N44A 
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TRANSISTOR SPECIFICATIONS 


2N78 


Outline Drawing No. 3 


quired for military and industrial service. 


The General Electric 2N78 is a grown junction NPN high 
frequency transistor intended for high gain RF and IF 
amplifier service and general purpose applications. The 
G.E. rate-growing process used in the manufacture of the 
2N78 provides the uniform and stable characteristics re- 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Collector to Emitter Voltage (base open), Vceo . 15 volts 

Collector to Base Voltage (emitter open), Vcbo. 15 volts 

Collector Current, Ic. 20 ma 

Emitter Current, Ie . —20 ma 

Collector Dissipation*, Pcm . 65 mw 

Storage Temperature, Tstg . 85 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 


Low Frequency Chorocteristics (Common Bose) 

(VcB = 5 V, Ie = —1 mo, f = 270 eps) 

Input Impedance (output short circuit), hib 
Voltage Feedback Ratio (input short circuit), hrb 
Current Amplification (output short circuit), htb 
DC Base Current Gain (Ib = 20 ;M,a; Vce = 1 V) Bfe 
Output Admittance (input open circuit), hob 
Noise Figure (Vcb = 1.5 V; Ie = —0.5 ma; f =: 1 KC 

High Frequency Chorocteristics (Common Bose) 

(Vcb = 5 V, Ie =: —1 mo) 

Alpha Cutoff Frequency, fob 
Output Capacity (f = 2 me). Cob 
Voltage Feedback Ratio (f = 1 me), hrb 
Power Gain in Typical IF Test Circuit, Ge 


DESIGN 

LIMITS 


CENTER 

MIN. 

MAX. 


55 



ohms 

2 

.8 

10 

X io-‘ 

-.983 



70 

45 

135 


.2 



/imhos 

NF 12 



db 

9 

5 


me 

3 


6 

yg/if 



12 

X 10-* 


27 


db 


Cutoff Chorocteristics 

Collector Cutoff Current (Vcb = 15 V), Ico 

Collector Cutoff Current (Vcb = 5 V), Ico .7 

♦Derate 1.1 mw/°C increase in ambient temperature. 


5 /la 

yua 


The General Electric type 2N107 is an alloy junction 
PNP transistor particularly suggested for students, ex¬ 
perimenters, hobbyists, and hams. It is available only from 
franchised General Electric distributors. The 2N107 is 
Outline Drawing No. 1 hermetically sealed and will dissipate 50 milliwatts in 

25 °G free air. 


2N107 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 


Collector Voltage (referred to base), Vcb . —12 volts 

Collector Current, Ic. —10 ma 

Emitter Current, Ib . 10 ma 

Junction Temperature, Tj. 60 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 


(Common Bose, Tj = 30°C, f = 270 cps 
VcB = —5v, Ie = 1 ma) 

Collector Voltage, Vcb. —5.0 volts 

Emitter Current, Ie . 1.0 ma 

Output Admittance (input open circuit), hob. 1.0 yitmhos 

Current Amplification (output short circuit), hib. —.95 

Input Impedance (output short circuit), hib. 32 ohms 

Voltage Feedback Ratio (input open circuit), hrb. 3 X lO"^ 

Collector Cutoff Current, Ico. 10 g,a 

Output Capacitance, Cob. 40 /ifii 

Frequency Cutoff, fab. 0.6 me 

Common Emitter, (Vce = — Iv, Ie = 1 ma) 

Base Current Gain, hte. 20 
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TRANSISTOR SPEClFtCATIONS 


m 

The General Electric type 2N123 is a PNP alloy junction 
high frequency switching transistor intended for military, 
industrial and data processing applications where high re- 
* liability at the maximum ratings is of prime importance. Outline Drawing No. 8 


2N123 




SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Collector to Emitter Voltage (base open), Vceo. —15 volts 

Collector to Base Voltage (emitter open), Vcbo . —20 volts 

Emitter to Base Voltage (collector open), Vkbo —10 volts 

Collector Current, Ic . —125 ma 

Peak Collector Current (10 fis max.), lr.\i. —500 ma 

Emitter Current, Ik . 125 ma 

Collector Dissipation*, Pcav . 100 mw 

Peak Collector Dissipation (10 gs max.)**, Pcm . 500 mw 

Total Transistor Dissipation***, Pav . 150 mw 

Storage Temperature, Tstg . —55 to 85 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 

Switching Chorocteristics (Common Emitter) 

D.C. Base Current Gain (Vce — 1 v; Ic = 10 ma) Iife 
S aturation Voltage (Ib = .5 ma; Ic =; 10 ma), Vcb 
Pulse Response Time (Ic = 10 ma) 

Delay & Rise Time, td + tr 
Storage Time, ts 
Fall Time, tt 

Cutoff Chorocteristics 

Collector Cutoff Current (Vcb = —20v), loo 
Emitter Cutoff Current ( Veb =:: —lOv), Ibo 
C ollector to Emitter (Base open, Tc = —0.6 ma), Vcb 

High Frequency Chorocteristics (Common Bose) 

(Vcb = —5v; Ie = 1 mo) 

Alpha Cutoff Frequency, fab 
Collector Capacitance (f = 1 me) , Cob 
Voltage Feedback Ratio (f = 1 me), hrb 
Base Spreading Resistance, r'b 

Low Frequency Chorocteristics (Common Base) 

(Vcb = -5v; Ie = 1 mo; f = 270 eps) 

Input Impedance, hib 
Voltage Feedback Ratio, hrb 
Current Amplification, hfb 
Output Admittance, hob 


DESIGN 

LIMITS 


CENTER 

MIN. 

MAX. 


50 

30 

150 


.15 


0.2 

volts 

.9 



yiisec 

.5 



/jLSVC 

.5 



p.sec 

2 


6 

fill 

2 


6 

/U,a 

25 

15 


volts 


8 

5 

me 

15 


/ifii 

8 


X 10-3 

80 


ohms 


28 


ohms 

8 


X 10-* 

-.980 

-.970 

.9 


/(imhos 


Derate for increase in ambient temperature: 

*1.67 nWe, **8 mw/°C, ***2.5 mw/°C 




The General Electric types 2N135, 2N136 and 
2N137 are PNP alloy junction germanium tran¬ 
sistors intended for RF and IF service in broadcast 
receivers. Special control of manufacturing proc¬ 
esses provides a narrow spread of characteristics, 
resulting in uniformly high power gain at radio 
frequencies. These types are obsolete and avail¬ 
able for replacement only. 


2N135, 2N136, 
2N137 

Outline Drawing No. 8 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Collector Voltage: 

Common Base (emitter open), Vcbo 
Common Emitter (Rbb = 100 ohms), Vcer 
Common Emitter (Rbk = 1 megohm), Vcer 
Collector Current, Ic 
Emitter Current, Ie 
Collector Dissipation, Pcm 
Storage Temperature, Tstg 

ELECTRICAL CHARACTERISTICS: Design Center Values 
(Common Bose, 25°C, Vcb = 5v, Ie = 1 mo) 

Voltage Feed back Ratio (input open circuit, 
f = 1 me), hrb 

Output Capacitance (f = 1 me). Cob 


2N135 

2N136 

2N137 


—20 

-20 

—10 

volts 

-20 

—20 

-10 

volts 

-12 

-12 

— 6 

volts 

-50 

-50 

-50 

ma 

50 

50 

50 

ma 

100 

100 

100 

mw 

85 

85 

85 

°C 


7 7 7 X10-3 

14 14 14 fi/ii 
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TRANSISTOR SPECIFICATIONS 


The General Electrie type 2N167 is an NPN high fre¬ 
quency, high speed switching transistor intended for in¬ 
dustrial and military applications where reliability is of 
Outline Drawing No. 3 prime importance. 


2N167 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Collector to Emitter Voltage (base open), Vceo . 30 volts 

Collector to Base Voltage (emitter open), Vcbo. 30 volts 

Emitter to Base Voltage (collector open), Vebo. 5 volts 

Collector Current, Ic.. 75 ma 

Emitter Current, Ie . —75 ma 

Collector Dissipation*, Pcm . 65 mw 

Transistor Dissipation**, Pm . 75 mw 

Storage Temperature, Tstg. 85 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 

Switching Chorocteristics (Common Emitter) 

D-C Base Current Gain (Vce =: 1 v; Ic = 8 ma), hpE 
Saturation Voltage (Ib = .8 ma; Ic = 8 ma), Vcb 
P ulse Response Time (Ic = 8 ma) 

Delay & Rise Time, td + tr 
Storage Time, ts 
Fall Time, tf 

Cutoff Chorocteristics 

Collector Cutoff Current (Vcb = 15 v), Ico 
Emitter Cutoff Current (Veb 5 v), Ieo 
Collector to Emitter Voltage (Base open, 

Ic = 0.3 ma), Vce 

High Frequency Chorocteristics (Common Bose) 

(Vcb = 5v; Ib = 1 mo) 

Alpha Cutoff Frequency, fab 
Collector Capacity (f = 1 me). Cob 
Voltage Feedback Ratio (f = 1 me), hrb 

Low Frequency Chorocteristics (Common Bose) 

(Vcb = 5v; Ib = —1 mo; f = 270 cps) 

Input Impedance, hib 
Voltage Feedback Ratio, hrb 
Base Current Amplification, htb 
Output Admittance, hob 


DESIGN 

LIMITS 


CENTER 

MIN. 

MAX. 


30 

17 



0.35 



volts 

.5 



jctsec 

.3 



/jLsec 

.2 



fisec 

.7 


1.5 

fXSL 

.6 


5 

flS. 


30 


volts 


9.0 

5.0 

me 

2.5 


8 fi/if 

7.3 


X10-* 


55 


ohms 

1.5 


X10-* 

-.985 

—.952 

.2 


lumhos 


♦Derate 1.1 mw/°C increase in ambient temperature. 
♦*Derate 1.25 mw/°C increase in ambient temperature. 


The 2N168A is -a rate grown NPN germanium transistor 
intended for mixer/oscillator and IF amplifier applications 
in radio receivers. Special manufacturing techniques pro¬ 
vide a low value and a narrow spread in collector capacity 
so that neutralization in many circuits is not required. The 
2N168A has a frequency cutoff control to provide proper operation as an oscillator or 
autodyne mixer. For IF amplifier service the range in power gain in controlled to 3 db. 

CONVERTER TRANSISTOR SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltage 

Collector to Emitter (base open), Vcbo . 15 volts 

Collector to Base (emitter open), Vcbo . 15 volts 

Current 

Collector, Ic. 20 ma 

Power 

Collector Dissipation at 25°C*, Pcm . 65 mw 

Temperature Range 

Operating and Storage, Ta, Tstg . —55 to 85 °C 


TYPICAL ELECTRICAL CHARACTERISTICS: (25-0 
Converter Service 
Maximum Rotings 

Collector Supply Voltage, Vcc. 12 volts 


2N168A 

Outline Drawing No. 3 
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TRANSISTOR SPECIFICATIONS 


H 


Design Center Chorocteristics 

Input Impedance (Ie 1 ma; Vcb = 5v; f = 455 KC), Zi. 400 ohms 

Output Impedance (Ie = 1 ma; VcB = 5v; f = 455 KC), Zo. 12 K ohms 

Voltage Feedback Ratio (Ib = 1 ma; Vcb = 5v; f = 1 me), hrb 5 X 10-^ 

■ Collector to Base Capacitance (Ie = 1 ma; Vcb = 5v; f = 1 me). Cob. 2.4 

Frequency Cutoff (Ib = 1 ma; Vcb = 5v), fob. 8 me 

Min. Frequency Cutoff (Ib = 1 ma; Vcb = 5v), fob. 5 me min 

Base Current Cain (Ib = 20 //.a; Vcb = Iv), Iifk. 40 

Minimum Base Current Gain, Bfe. 23 

^ Maximum Base Current Gain, hFB. 135 

Conversion Goin, CGe. 25 db 


IF Amplifier Performonce 

Collector Supply Voltage, Vcc. 5 volts 

Collector Current, Ic. 1 ma 

•I Input Frequency, f. 455 KC 

Available Power Gain, Ge. 39 db 

Minimum Power Gain in typical IF circuit, Ge. 28 db min 

Power Cain Range of Variation in typical IF circuit, Ge. 3 db 

Cutoff Chorocteristics 

H Collector Cutoff Current (Vcb = 5v), Ico. .5 /^a 

Collector Cutoff Current (Vcb = 15v), Ico. 5 /aa max 


♦Derate 1.1 mw/°C increase in ambient temperature over 25°C. 


■I 


The 2N169A and 2N169 are rate grown NPN 
germanium transistors intended for use as IF 
■I amplifiers in broadcast radio receivers. The col¬ 

lector capacity is controlled to a low value so 
that neutralization in most circuits is not required. 

The power gain at 455 KC is maintained at a 3 db spread for the 2N169A. The 2N169A 
is a special high voltage unit intended for second IF amplifier service where large 
** voltage signals are encountered. The 2N169 is also intended for low gain IF amplifier 
and power detector applications. 


2N169A, 2N169 

Outline Drawing No. 3 




IF TRANSISTOR SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltage 

Collector to Emitter (base open), Vcbo 
Collector to Base (emitter open), Vcbo 

Current 

Collector, Ic 

Power 

Collector Dissipation*, Pcm 

Temperature Range 

Operating and Storage, Ta, Tstg 

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C) 

IF Amplifier Service 
Maximum Ratings 

Collector Supply Voltage, Vcc 

Design Center Chorncteristics 

( Ib = —1 ma; Vce = 5v; f = 455 KC except as noted ) 

Input Impedance, Zi 
Output Impedance, Zo 

Voltage Feedback Ratio (Vcb = 5v; f = I me), hrb 

Collector to Base Capacitance (Vcb = 5v; f=I me). Cob 

Frequency Cutoff (Vcb = 5v), fab 

Base Current Gain (Ib = 20 /ta; Vce = Iv), Bfe 

Minimum Base Current Gain, Bfe 

Maximum Base Current Gain, Bfe 

IF Amplifier Performance 

Collector Supply Voltage, Vcc 

Collector Current, Ic 

Input Frequency, f 

Available Power Gain, Ge 

Minimum Power Gain in typical IF circuit, Ge 

Power Gain Range of Variation in typical IF circuit, Ge 

Cutoff Characteristics 

Collector Cutoff Current (Vcb = 5v), Ico 
Collector Cutoff Current (Vcb = I5v), Ico 

♦Derate 1.1 mw/^C increase in ambient temperature. 


2N169A 

2N169 

25 

15 

25 

15 

20 

20 

65 

65 

-55 to 85 

-55 to 85 


12 

12 

700 

700 

7 

7 

10 

10 

2.4 

2.4 

9 

9 

72 

72 

36 

36 

220 

220 

5 

5 

1 

1 

455 

455 

36 

36 

24 

24 

3 

3 

.5 

.5 

5 

5 


volts 

volts 


111 a 


mw 

“C 


volts 


ohms 
K ohms 

xio-« 

Hflt 

me 


volts 

ma 

KC 

db 

db min 

db 


/la 

/ta max 
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TRANSISTOR SPECIFICATIONS 


The 2N170 is a rate grown NPN germanium transistor in¬ 
tended for use in high frequency circuits by amateurs, 
hobbyists, and experimenters. The 2N170 can be used in 
any of the many published circuits where a low voltage, 
high frequency transistor is necessary such as for re¬ 
generative receivers, high frequency oscillators, etc. If you desire to use the 2N170 
NPN transistor in a circuit showing a PNP type transistor, it is only necessary to 
change the connections to the power supply. 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltage 

Collector to Emitter, Vcb ... 6 volts 

Current 

Collector, Ic. 20 ma 

Power 

Collector Dissipation*, Pcm . 25 mw 

Temperature Range 

Operating and Storage, Ta, Tstg . —55 to 50 °C 

TYPICAL ELECTRICAL CHARACTERISTICS: <25°C) 

High Frequency Characteristics 

( Ie = 1 me; Vcb = 5v; f = 455 KC except as noted) 

Input Impedance (Common Emitter), Zi. 800 ohms 

Output Impedance (Common Emitter), Zo. 15 Kohms 

Collector to Base Capacitance (1=1 me). Cob. 2.4 fi/ii 

Frequency Cutoff (Vcb == 5V), fab. 4 me 

Power Gain (Common Emitter), Ge. 22 db 

Low Frequency Chorocteristics 

( Ib =: 1 mo; Vcb = 5v; f = 270 cps) 

Input Impedance, hib. 55 ohms 

Voltage Feedback Batio, hrb. 4 X 10*‘ 

Current Gain, h(b. .95 

Output Admittance, hob.5 X 10"® /itmhos 

Common Emitter Base Current Gain, hte. 20 

Cutoff Chorocteristics 

Collector Cutoff Current (Vcb = 5v), Ico. 5 m max 


♦Derate 1 mw/°C increase in ambient temperature. 


2N170 

Outline Drawing No. 3 


The 2N186, 2N187, and 2N188 are medium 
power PNP transistors, intended for use as audio 
output amplifiers in radio receivers and quality 
sound systems. By unique process controls the 
current gain is maintained at an essentially con¬ 
stant value for collector currents from 1 ma to 
200 ma. This linearity of current gain provides 
low distortion in Class B circuits, and permits use of any two transistors from a par¬ 
ticular type without matching. 


2N186, 2N187, 
2N188 

Outline Drawing No. 1 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltages 

Collector to Base (emitter open), Vcbo . —25 volts 

Collector to Emitter (Reb = lOK ohm), Vcbr . —25 volts 

Emitter to Base (collector open), Vebo. — 5 volts 

Collector Current, Ic.. —200 ma 

Power 

Collector Dissipation*, Pcm . 100 mw 

Temperature 

Operating Range, Ta . —55 to 60 °C 

Storage Range, Tstg. . —55 to 85 °C 


TYPICAL ELECTRICAL CHARACTERISTICS: (25®C) 
Class B Audio Amplifier Operation 

(Values for two transistors. Note that matching 
is not required to hold distortion to less than 
5% for any two transistors from a type) 
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TRANSISTOR SPECIFICATIONS 


Maximum Class B Ratings (Common Emitter) 

2N186 

2N187 

2N188 


Collector Supply Voltage, Vcc 

-12 

-12 

-12 

volts 

Power Output (Distortion less than 5%), Po 

Design Center Characteristics 

Input Impedance large signal base to base 

300 

300 

300 

mw 

(AIe = 100 ma), hie 

1200 

2000 

2600 

ohms 

Base Current Gain (Vce = —1 v; Ic = 100 ma), hpE 
Collector Capacity (Vcb = —5 v; Ie = 1 ma; 

24 

36 

54 


f = 1 me). Cob 

40 

40 

40 


Frequency Cutoff (Vce =: — 5 v; Ib =: 1 ma), fab 

.8 

1.0 

1.2 

me 

Class B Circuit Performance (Common Emitter) 

Collector Voltage, Vcc 

-12 

-12 

-12 

volts 

Minimum Power Gain at 100 mw power output, Ge 

28 

30 

32 

min db 

Cutoff Characteristics 

Maximum Collector Cutoff Current (Vcb = —25 v), Ico 

16 

16 

16 

max fi‘t\ 

Maximum Emitter Cutoff Current (Veb = —5 v), Ibo 

10 

10 

10 

max 

‘Derate 3 mw/°C increase in ambient temperature within range 25°C to 60°C. 



The 2N186A, 2N187A, and 2N188A are medium 
power PNP transistors intended for use as audio 
output amplifiers in radio receivers and quality 
sound systems. By unique process controls the 
current gain is maintained at an essentially con¬ 
stant value for collector currents from 1 ma to 
200 ma. This linearity of current gain provides 
low distortion in both Class A and Class B circuits, and permits the use of any two 
transistors from a particular type without matching in Class B Circuits. 

SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltages 

Collector to Base (emitter open), Vcbo. —25 volts 

Collector to Emitter (Reb = lOK ohm), Vcbr . —25 volts 

Emitter to Base (collector open), Vkbo . — 5 volts 

Collector Current, Ic . —200 ma 

Power 

Collector Dissipation*, Pcm . 200 mw 

Temperature 

Operating Range, Ta . —55 to 75 °C 

Storage Range, Tstg .. —55 to 85 °C 


TYPICAL ELECTRICAL CHARACTERISTICS: (25<»C) 

Closs B Audio Amplifier Operotion 2N186A 2N187A 2N188A 

(Values for two transistors. Note that matching 
is not required to hold distortion to less than 
5% for any two transistors from a type) 

Moximum Closs B Rotings (Common Emitter) 

Collector Supply Voltage, Vcc —12 —12 —12 volts 

Power Output (Distortion less than 5%), Po 750 750 750 mw 

Design Center Chorocteristics 

Input Impedance large signal base to base 

(AIb =: 100 ma), hie 1200 2000 2600 ohms 

Base Current Gain ( Vcb = —1 v; Ic = 100 ma), hpE 24 36 54 

Collector Capacity (Vcb = 5 v; Ib = 1 ma; 

f = 1 me). Cob 40 40 40 /t/if 

Frequency Cutoff (Vcb = — 5 v; Ie = 1 ma), fab .8 1.0 1.2 me 

Closs B Circuit Performonce (Common Emitter) 

Collector Voltage, Vcc —12 —12 —12 volts 

Minimum Power Gain at 100 mw power output, Ge 28 30 32 min db 

Class A Audio Amplifier Operation (Common Emitter) 

(Vcc = 12v; Ie = 10 ma) 

Power Gain at 50 mw power output, Ge 30 32 34 db 

Cutoff Chorocteristics 

Maximum Collector Cutoff Current (Vcb = —25 v), Ico 16 16 16 max /ra 

Maximum Emitter Cutoff Current (Veb = —5 v), Ibo 10 10 10 max /ra 

*Derate 4 mw/°C increase in ambient temperature within range 25°C to 60°C. 


2N186A, 2N187A 
2N188A 

Outline Drawing No. 1 
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TRANSISTOR SPECIFICATIONS 


The 2N189, 2N190, 2N191, and 2N192 are alloy 
junction PNP transistors intended for driver 
service in transistorized audio amplifiers. By con¬ 
trol of transistor characteristics during manufac¬ 
ture, a specific power gain is provided for each 
type. Special processing techniques and the use 
of hermetic seals provides stability of these char¬ 
acteristics throughout life. 

SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltage 

Collector to Emitter (Reb = lOK ohm), Vcer. —25 volts 

Collector Current, Ic . —50 ma 


2N189, 2N190, 
2N191, 2N192 

Outline Drawing No. 1 


Power 

Collector Dissipation (25°C)*, Pen 


75 mw 


Temperature 

Operating Range, Ta 
S torage Range, Tsto. 


-55 to 60 “C 
-55 to 85 "C 


TYPICAL ELECTRICAL CHARACTERISTICS: (25®C) 


Audio Driver Class A Operation 

(Values for one transistor driving a transformer 
coupled output stage) 

2N189 

2N190 

2N191 

2N192 


Maximum Class A Ratings (Common Emitter) 

Collector Supply Voltage, Vcc 

—12 

-12 

-12 

—12 

volts 

Design Center Characteristics 

Input Impedance base to emitter (Ie = 1 ma), hie 
Base Current Gain (Vcb = —5 v; Ie = 1 ma), hie 

1000 

24 

1400 

36 

1800 

54 

2200 

75 

ohms 

Collector Capacity (Vcb = —5 v; Ie = 1 ma), Cob 
Frequency Cutoff (Vcb = —5 v; Ie = 1 ma), fab 
Noise Figure (Vcb = —5 v; Ie = 1 ma; 

40 

40 

40 

40 

lifii 

.8 

1.0 

1.2 

1.5 

me 

f = 1 KC; BW = 1 cycle), NF 

15 

15 

15 

15 

db 

Audio Circuit Performance (Common Emitter) 

Collector Supply Voltage, Vcc 

-12 

-12 

—12 

-12 

volts 

Emitter Current, Ie 

1 

1 

1 

1 

ma 

Minimum Power Gain at I mw power output. Go 

37 

39 

41 

43 

min db 


Small Signal Characteristics (Common Base) 
(VcB = —5v; Ik = 1 ma; f = 270 cps) 


Input impedance, hib 

29 

29 

29 

29 

ohms 

Voltage Feedback Ratio, hrb 

4 

4 

4 

4 

xio-^ 

Current Amplification, hrb 

—.96 

-.973 

-.98 

-.987 


Output Admittance, hob 

1.0 

.8 

.6 

.5 

/tmhos 

Cutoff Characteristics 

Maximum Collector Cutoff Current ( Vcb = —25 v), Ico 

16 

16 

16 

16 

max //a 


‘Derate 2 mw/°C increase in ambient temperature within range 25°C to 60°C. 


The 2N241, and 2N241A are medium power PNP 
transistors intended for use as audio output 
amplifiers in radio receivers and quality sound 
systems. By special process controls the current 
gain is maintained at an essentially constant value 
for collector currents from 1 ma to 200 ma. This 
linearity of current gain insures low distortion in 
both Class A and Class B circuits, and permits the use of any two transistors from 
a particular type without matching in Class B Circuits. 


2N241, 2N241A 


Outline Drawing No. 1 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base (emitter open) 

VCBO 

2N241 

-25 

2N241A 

—25 

volts 

Collector to Emitter (Reb = lOK ohm) 

Vcer 

—25 

—25 

volts 

Emitter to Base (collector open) 

Vebo 

- 5 

- 5 

volts 

Collector Current 

Ic 

—200 

-200 

ma 

Power 

Collector Dissipation 

PcM 

100* 

200** 

mw 

Temperature 

Operating Range 

Ta 

-55 to 60 

-55 to 75 

°c 

Storage Range 

Tsto 

-55 to 85 • 

-55 to 85 

°c 
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TRANSISTOR SPECIFICATIONS 


TYPICAL ELECTRICAL CHARACTERISTICS; (25°C) 
Closs B Audio Amplifier Operotion 

(Values for two transistors. Note that matching 
is not required to hold distortion to less than 
5% for any two transistors from a type) 


Maximum Class B Ratings (Common Emitter) 


2N241 

2N241A 


Collector Supply Voltage 

Vcc 

-12 

-12 

volts 

Power Output (Distortion less than 5%) 

Design Center Characteristics 

Input Impedance large signal base to base 

Po 

300 

750 

mw 

(^Ie = 100 ma) 

hie 

4000 

4000 

ohms 

Base Current Gain (Vcb = —Iv; Ic = 100 ma) 

hrE 

73 

73 


Collector Capacity (Vcb = —5v; Ib = 1 ma; f = 1 me 
Frequency Cut off (Vcb —5v; Ib = 1 ma) 

) Cob 

40 

40 

/ifit 

fab 

1.3 

1.3 

me 

Class B Circuit Performance (Common Emitter) 

Collector Voltage 

Vcc 

-12 

-12 

volts 

Minimum Power Gain at 100 mw power output 

Class A Audio Amplifier Operation (Common Emitter) 

Ge 

34 

34 

min db 

(Vcc = —12v; Ib = 10 ma) 

Power Gain at 5() mw power output 

Ge 

35 

35 

db 

Cutoff Characteristics 

Maximum Collector Cutoff Current (Vcb = —25v) 

Ico 

16 

16 

max ga 

Maximum Emitter Cutoff Current ( Vbb = —5v) 

Ieo 

10 

10 

max /ta 


*Derate 3 mw/°C increase in ambient temperature within range 25°C to 60°C. 
**Derate 4 mw/°C increase in ambient temperature within range 25°C to 75°C. 


The 2N265 is an alloy junction PNP transistor intended 
lor driver service in transistorized audio amplifiers. By 
control of transistor characteristics during manufacture, a 
specific power gain is provided for each type. Special Outline Drawing No. 1 

processing techniques and the use of hermetic seals pro¬ 
vides stability of these characteristics throughout life. 

SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltage 

Collector to Emitter (Reb = lOK ohm), Vckr . —25 volts 

Collector Current, Ic . —50 ma 

Power 

Collector Dissipation (25°C)*, Pcm . 75 mw 

Temperature 

Operating Range, Ta . . —55 to 60 °C 

Storage Range, Tstg . —55 to 85 °C 


TYPICAL ELECTRICAL CHARACTERISTICS: (25°C) 

Audio Driver Class A Operation 

(Values for one transistor driving a transformer coupled output stage) 


Maximum Class A Ratings (Common Emitter) 

Collector Supply Voltage, Vcc. —12 volts 

Design Center Choracteristics 

Input Impedance base to emitter (Ie = 1 ma), hie. 4000 ohms 

Base Current Gain (Vcb = —5 v; Ib = 1 ma), hie. 110 

Collector Capacity (Vcb = —5 v; 1b = 1 ma). Cob. 40 /r/rf 

Frequency Cutoff (Vcb =—5 v; Ib = 1 ma), fab. 1-5 me 

Noise Figure (Vcb = —5 v; Ie = I ma; f = 1 KC; BW = 1 cycle), NF. 15 db 

Audio Circuit Performonce (Common Emitter) 

Collector Supply Voltage, Vcc. —12 volts 

Emitter Current, Ie . . 1 ma 

Minimum Power Gain at 1 mw power output, Ge. 45 min dir 

Smoll Signol Chorocteristics (Common Base) 

(Vcb = —5v; Ie = 1 ma; f = 270 cps) 

Input Impedance, hib. 29 obins 

Voltage Feedback Ratio, hrb. 4 X 10'^ 

Current Amplification, hfb. —.991 

Output Admittance, hob. .5 /rmhos 


Cutoff Characteristics 

Maximum Collector Cutoff Current (Vcb = —25 v), Ico. 16 max ;ia 

^Derate 2 mw/°C increase in ambient temperature within range 25°C to 60°C. 
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TRANSISTOR SPECIFICATIONS 


Types 2N292 and 2N293 are rate grown NPN 
germanium transistors intended for amplifier ap¬ 
plications in radio receivers. Special manufactur¬ 
ing techniques provide a low value and a narrow 
spread in collector capacity so that neutralization 
in many circuits is not required. The type 2N293 is intended for receiver circuits 
where high gain is needed. In IF amplifier service the range in power gain is controlled 
to 3 db. 


2N292, 2N293 

Outline Drawing No. 3 


IF TRANSISTOR SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltage 

Collector to Emitter (base open), Vcbo. . 
Collector to Base (emitter open), Vcbo. . . 

Current 

Collector, lo. 

Power 

Collector Dissipation*, Pcm. 

Temperature Range 

Operating and Storage, Ta, Tstg. 


2N292 2N293 

15 15 volts 

15 15 volts 

20 20 ma 

65 65 mw 

—55 to 85 —55 to 85 °C 


ELECTRICAL CHARACTERISTICS: (25°C)** 

IF Amplifier Service 
Maximum Ratings 

Collector Supply Voltage, Vcc. 

Design Center Characteristics 

Input Impedance (Ie = 1 ma; Voe = 5v; f = 455 KC), Zi. 

Output Impedance (Is = 1 ma; Vcb = 5v; f =: 455 KC), Zo. 

Voltage Feedback Ratio (Ie = 1 ma; Vcb = 5v; f = me), hrb. . . 
Collector to Base Capacitance ( Ib = 1 ma; 

Vcb = 5v; f = 1 me). Cob. 

Frequency Cutoff (Ie = 1 ma; Vcb = 5v), fob. 

Base Current Gain (Ib = 20 /ta; Voe = Iv), hpE. 

Min. Base Current Gain, bps. 

Max. Base Current Gain, hpE. 

IF Amplifier Performance 

Collector Supply Voltage, Vcc. 

Collector Current, Ic. 

Input Frequency, f. . 

Available Power Gain, Ge. 

Min. Power Gain in Typical IF Test Circuit, Ge. 

Power Gain Range of Variation in Typical IF Circuit. 

Cutoff Characteristics 

Collector Cutoff Current (Vcb = 5v), Ico. 

CoUectcir Cutoff Current (Vcb = 15v), Ico. 


12 

12 

volts 

350 

350 

ohms 

16 

18 

K ohms 

10 

5 

X io-» 

2.4 

2.4 

yliyttf 

6 

7 

me 

25 

25 


6 

6 


44 

55 


5 

5 

volts 

1 

1 

ma 

455 

455 

KC 

36 

39 

db 

24 

28 

db min 

3 

3 

db 

.5 

.5 

fia. 

5 

5 

fia. max 


♦Derate 1.1 mw/°C increase in ambient temperature over 25°C. 
**A11 values are typical unless indicated as a min or max. 


The 2N319, 2N320, and 2N321 are miniaturized 
versions of the 2NI86A series of G-E transistors. 
Like the prototype versions, the 2N319, 2N320, 
and 2N32I are medium power PNP transistors 
intended for use as audio output amplifiers in 
radio receivers and quality sound systems. By 
unique process controls the current gain is main¬ 
tained at an essentially constant value for collector currents from 1 ma to 200 ma. 
This linearity of current gain provides low distortion in both Class A and Class B cir¬ 
cuits, and permits the use of any two transistors from a particular type without match¬ 
ing in Class B Circuits. 


2N319, 2N320, 
2N321 

Outline Drawing No. 2 


ABSOLUTE MAXIMUM RATINGS: 

SPECIFICATIONS 

(25°C) 


Voltages 

Collector to Emitter 

Vcb 

—20 volts 

Collector to Base 

Vcb 

—30 volts 

Emitter to Base 

Vbb 

— 3 volts 

Collector Current 

Ic 

—200 ma 
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TRANSISTOR SPECIFICATIONS 


Power 

Collector Dissipation Pcm 

Temperature 

Operating and Storage Range Ta-Tstg 

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C) 
P.C. Chorocteristics 

Base Current Gain (Ic = —20 ma; 

VcE=— Iv) hpB 

Base Current Cain (Ic = —100 ma; 

VcE = —Iv) hpE 

Collector to Emitter Voltage (Reb = lOK; 

Ic = .6 ma) VcER 

Collector Cutoff Current (Veb2 —25v) Ico 

Maximum Collector Cutoff Current Ico 

(VcB = -25v) 

Emitter Cutoff Current (Veb = 3v) Ieo 

Smoll Signol Chorocteristics (Common Bose) 

(VcB = —5v; Ik = 1 mo; f = 270 cps) 

Frequency Cutoff fab 

Collector Capacity (t = 1 me) Cob 

Noise Figure NF 

Input Impedance hib 


Thermol Chorocteristics 

Thermal Resistance 

Without Heat Sink (Junction to Air) 

With Clip On Heat Sink (Junction to Case) 

Pertormonce Poto (Common Emitter) 


Class A Power Gain (Vcc = —9v) Ge 

Power Output Po 

Glass B Power Gain (Vcc = —9v) Ge 

Power Output Po 


200 mw 
—65 to 85 "G 


2N319 

2N320 

2N321 


33 

48 

80 


30 

44 

70 


-20 

-20 

-20 

volts 

8 

8 

8 

/4a 

16 

16 

16 

/4a 

2 

2 

2 

/4a 


2.0 

2.5 

3.1 

me 

25 

25 

25 

fifit 

6 

6 

6 

db 

30 

30 

30 

ohn 


.27 

.27 

.27 

°G/mw 

.2 

.2 

.2 

°C/mw 

30 

31 

32 

db 

50 

50 

50 

mw 

27 

29 

31 

db 

00 

100 

100 

mw 


The 2N322, 2N323, 2N324 are alloy junction 
PNP transistors intended for driver service in 
audio amplifiers. They are miniaturized versions 
of the 2N190 series of G.E. transistors. By con¬ 
trol of transistor characteristics during manu¬ 
facture, a specific power gain is provided for 
each type. Special processing techniques and the 
use of hermetic seals provides stability of these characteristics throughout life. 


SPECIFICATIONS 




ABSOLUTE MAXIMUM RATINGS: (25°C) 






Voltages 






Collector to Emitter 

Vce 




—16 volts 

Collector to Base 

Vcb 




—16 volts 

Collector Current 

Ic 



- 

-100 ma 

Power 






Collector Dissipation 

Pcm 




140 mw 

Temperoture 






Operating and Storage Range 

Ta-Tstg 



—65 to + 65 °C 

TYPICAL ELECTRICAL CHARACTERISTICS: (25‘'C) 





P.C. Characteristics 


2N322 

2N323 

2N324 


Base Current Gain (Ic = —20 ma; Vce = — 1 v ) 

hFE 

48 

80 

95 


Collector to Emitter Voltage 






(Reb =: lOK; Ic = —.6 ma) 

VcER 

16 

16 

16 

volts 

Collector Cutoff Current (Vcb = —16v) 

Ico 

10 

10 

10 

ua 

Max. Collector Cutoff Current (Vcb = —16v)Ico 

16 

16 

16 

/j.a 

Small Signal Characteristics 






Frequency Cutoff (Vcb = —5v; Ie = 1 ma) fab 

2.5 

3.1 

3.4 

me 

Collector Capacity (Vcb = —5v; Ie = 1 ma 

) Cob 

25 

25 

25 

fifit 

Noise Figure (Vcb = —5v; Ie = 1 ma) 

NF 

6 

6 

6 

db 

Input Impedance (Vcb = —5v; Ie = 1 ma) 

hie 

2200 

2600 

3300 

ohms 

Current Gain ( Vce = —5v; Ie = 1 ma) 

hfe 

50 

70 

84 


Thermal Characteristics 






Thermal Resistance Junction to Air 


.27 

.27 

.27 

°C/mw 

Performance Pata Common Emitter 






Power Gain Driver (Vcc = 9v) 

Ge 

39 

41 

43 

db 

Power Output 

Po 

1 

1 

1 

mw 



Outline Drawing No. 2 
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TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N332 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 
and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diffused base. 
Electrical stability is insured by means of a minimum 150 
hour 200°C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical reliability. This 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


2N332 

Outline Drawing No. 4 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base (Emitter Open) Vcbo 

Emitter to Base (Collector Open) Vbbo 


45 volts 
1 volt 


Collector Current 


Ic 


25 ma 


Power 


Collector Dissipation (25°C) 

Pc 

Collector Dissipation (100°C) 

Pc 

Collector Dissipation (150°C) 

Pc 


150 mw 
100 mw 
50 mw 


Temperature Range 

Storage Tsto •—65 to 200 °C 

Operating Ta —55 to 175 °C 

ELECTRICAL CHARACTERISTICS: <25°C) 

(Unless otherwise specified; Vcb = 5v; 

Ie = —1 ma; f = Ike) 


Small Signal Characteristics 


MIN. 

NOM. 

MAX. 


Current Transfer Ratio 

hfe 

9 

15 

20 


Input Impedance 

hib 

30 

53 

80 

ohms 

Reverse Voltage Transfer Ratio 

hrb 

.25 

1.0 

5.0 

X 10-* 

Output Admittance 

Power Gain 

hob 

0.0 

.25 

1.2 

yttmhos 

(VcE = 20v; Ib = —2ma; f = Ike; 

Rg = IK ohms; Rl = 20K ohms) 

Go 


35 


db 

Noise Figure 

NF 


28 


db 

High Frequency Characteristics 

Frequency Cutoff 



15 



(Vcb = 5v; Ie = —Ima) 

fab 



me 

Collector to Base Capacity 

(Vcb = 5v; Ib = —Ima; f = Imc) 
Power Gain (Common Emitter ) 

Cob 


7 


/i/it 

db 

(Vcb = 20v; Ib = — 2ma; f= 5mc) 

Ge 


17 


D-C Characteristics 






Collector Breakdown Voltage 

(IcBO = 50;ia; Ib = 0; Ta = 25°C) 
Collector Cutoff Current 

BVcbo 

45 



volts 


(Vcb = 30v; Ie = 0; Ta = 25°C) 

ICBO 


.02 

2 

/la 

(Vcb = 5v; Ie = 0; Ta = 150°C) 
Collector Saturation Resistance 

ICBO 



50 

200 

/la 

ohms 

(Ib = Ima; Ic = 5ma) 

Rsc 


80 

Switching Characteristics 






( Ibj = 0.4 ma; Ibj = — 0 4 ma; 

Ic = 2.8 ma) 

Delay Time 

td 


.75 


pLsec 

Rise Time 

tr 


.5 


fisec 

Storage Time 

ts 


.05 


jttsec 

Fall Time 

tf 


.15 


xtsec 
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TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N333 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 
and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diflEused base. 

Electrical stability is insured by means of a minimum 150 
hour 200°C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical reliability. This 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


2N333 

Outline. Drawing No. 4 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base (Emitter Open) Vcbo 

Emitter to Base (Collector Open) Vbbo 


Collector Current 


Ic 


45 volts 
1 volt 


25 ma 


Power 


Collector Dissipation (25°C) 

Pc 

Collector Dissipation (100°C) 

Pc 

Collector Dissipation (150°C) 

Pc 


150 mw 
100 mw 
50 mw 


Temperature Range 

Storage 

Operating 


Tsto 

Ta 


—65 to 200 °C 
—55 to 175 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 

■I (Unless otherwise specified; Vcb = 5v; 

Ib = —1 ma; f = Ike) 


Small Signal Characteristics 

Current Transfer Ratio 
Input Impedance 
Reverse Voltage Transfer Ratio 
Output Admittance 
Power Gain 

(VcE = 20v; Ib = —2ma; f = Ike; 
Rg = IK ohms; Rl = 20K ohms) 
Noise Figure 


High Frequency Choracteristics 

Frequency Cutoff 

(Vcb = 5v; Ib = —Ima) 

Collector to Base Capacity 

(Vcb = 5v; Ib = —Ima; f = Imc) 
Power Gain (Common Emitter) 

(Vcb = 20v; Ib = —2ma; f=: 5mc) 


D-C Charocteristics 

Collector Breakdown Voltage 

(Icbo = 50ga; Ik = 0; Ta = 25°C) 
Collector Cutoff Current 
m (Vcb = 30v; Ie = 0; Ta = 25°C) 

(VcB= 5v; Ib = 0; Ta = 150‘’C) 
Collector Saturation Resistance 
(Ib = Ima; Ic = 5ma) 


m Switching Choracteristics 

(IBj = 0.4 ma; Ibj = —0 4 ma; 
Ic = 2.8 ma) 

Delay Time 
Rise Time 

im Storage Time 

" Fall Time 



MIN. 

NOM. 

MAX. 


hfe 

18 

30 

41 


hib 

30 

53 

80 

ohms 

hrb 

.25 

2.0 

10.0 

X io-‘ 

hob 

0.0 

.2 

1.2 

gmhos 

Ge 


39 


db 

NF 


25 


db 


fab 

17 

me 

Cob 

7 

g/tf 

Ge 

16 

db 


BVcbo 

45 



volts 

Icbo 


.02 

2 

flB. 

Icbo 



50 

flB. 

Rsc 


80 

200 

ohms 


td 

.7 

fisec 

tr 

.4 

fisec 

ts 

.15 

fisec 

tf 

.18 

fisec 
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TRANSISTOR SPECIFtCATlONS 


The General Electric Type 2N334 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 
and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diffused base. 
Electrical stability is insured by means of a minimum 150 
hour 200°C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical reliability. This 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


2N334 

Outline Drawing No. 4 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base ( Emitter Open ) Vcbo 

Emitter to Base (Collector Open) Vebo 


45 volts 
1 volt 


Collector Current 


Ic 


25 ma 


Power 

Collector Dissipation (25°C) Pc 

Collector Dissipation (100°C) Pc 

Collector Dissipation G50°C) Pc 


150 mw 
100 mw 
50 mw 


Temperature Range 

Storage Tsxo 

Operating Ta 


—65 to 200 °C 
—55 to 175 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 

(Unless otherwise specified; Vcb = 5v; 
Ie = —1 mo; f = Ike) 


Small Signol Chorocteristics 

Current Transfer Ratio 
Input Impedance 
Reverse Voltage Transfer Ratio 
Output Admittance 
Power Gain 

(VcE = 20v; Ib = —2ma; f = Ike; 
Ro =; IK ohms; Rl = 20K ohms) 
Noise Figure 


High Frequency Characteristics 

Frequency Cutoff 

(Vcb = 5v; Ib = —Ima) 

Collector to Base Capacity 

(Vcb = 5v; Ie = —Ima; f = Imc) 
Power Gain (Common Emitter) 

(Vcb = 20v; Ib = —2ma; f= 5mc) 


D-C Choracteristics 

Collector Breakdown Voltage 

(IcBO = 50/ia; Ie = 0; Ta = 25°C) 
Collector Cutoff Current 

(Vcb = 30v; Ie = 0; Ta = 25''C) 
(VcB = 5v; Ie = 0; Ta = 150°C) 
Collector Saturation Resistance 
(Ib = Ima; Ic = 5ma) 



MIN. 

hfe 

18 

hib 

30 

hrb 

.5 

hob 

0.0 

Ge 


NF 



f”** 8.0 

Cob 

Ge 


BVcbo 45 

ICBO 

ICBO 

Rsc 


NOM. 

MAX. 


39 

90 


53 

80 

ohms 

3.5 

10.0 

X 10-* 

.18 

1.2 

lUmhos 

40 


db 

25 


db 


20 

me 

7 

Hfll 

15 

db 


volts 


.02 

2 

{IB. 


50 


80 

200 

ohms 


Switching Chorocteristics 

( Ib, = 0.4 ma; Ibj = —0 4 ma; 
Ic =: 2.8 ma) 

Delay Time 
Rise Time 
Storage Time 
Fall Time 


td 

tr 

ts 

tf 


65 

/tsec 

.4 

jusec 

.2 

/tsec 

18 

/tsec 
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TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N335 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 
and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diflPused base. 

Electrical stability is insured by means of a minimum 150 
hour 200®C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical reliability. This 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


2N335 

Outline Drawing No. 4 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base (Emitter Open) Vcbo 

Emitter to Base (Collector Open) Vbbo 


45 volts 
1 volt 


Collector Current 


Ic 


25 ma 


Power 


Collector Dissipation (25°C) 

Pc 

Collector Dissipation (100°C) 

Pc: 

Collector Dissipation (150°C) 

Pc 


150 mw 
100 mw 
50 mw 


Temperature Range 

Storage Ts’i'o 

Operating T a 


—65 to 200 °C 
—55 to 175 °C 


ELECTRICAL CHARACTERISTICS: (25°C) 

(Unless otherwise specified; Vcb = 5v; 
Ie = —1 ma; f = 1 kc) 


Small Signal Characteristics 


MIN. 

NOM. 

MAX. 


Current Transfer Ratio 

hfe 

37 

60 

90 


Input Impedance 

hib 

30 

53 

80 

ohms 

Reverse Voltage Transfer Ratio 

hrb 

.5 

3.0 

10.0 

X 10-* 

Output Admittance 

Power Gain 

hob 

0.0 

.15 

1.2 

gmhos 

( VcE = 20v; Ib = —2ma; f = Ike; 

Rg = IK ohms; Rl =: 20K ohms) 

Ge 


42 


db 

Noise Figure 

NF 


20 


db 

High Frequency Characteristics 

Frequency Cutoff 






(Vcb = 5v; Ie = —Ima) 

fab 


22 


me 

Collector to Base Capacity 

(Vcb = 5v; Ib = —Ima; f = Imc) 
Power Gain (Common Emitter) 

Cob 


7 


fifif 

db 

(Vcb = 20v; Ie = —2ma; f= 5mc) 

Ge 


14 


D-C Characteristics 






Collector Breakdown Voltage 

(IcBO = 50ga; Ib = 0; Ta = 25°C) 
Collector Cutoff Current 

BVcbo 

45 



volts 

(VcB = 30v; Ib = 0; Ta = 25‘’C) 

ICBO 


.02 

2 

fia 

(VcB= 5v; Ie = 0; Ta = 150°C) 
Collector Saturation Resistance 

Icbo 



50 

fia. 

(Ib = Ima; Ic = 5ma) 

Rsc 


80 

200 

ohms 

Switching Characteristics 






(Ib^ = 0.4 ma; Ib„ = —0.4 ma; 

Ic = 2.8 ma) 

Delay Time 

td 


.65 


fisec 

Rise Time 

tr 


.35 


fisec 

Storage Time 

t. 


.25 


/isec 

Fall Time 

tf 


.19 


fisec 



TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N336 is a silicon NPN triode 
transistor intended for amplifier applications in the audio 
and radio frequency range and for general purpose switch¬ 
ing. It is a grown junction device with a diflFused base. 
Electrical stability is insured by means of a minimum 150 
hour 200° C cycled aging operation included in the manufacturing process. All units 
are subjected to a rigorous mechanical drop test to control mechanical rehability. T his 
transistor is hermetically sealed in a welded case. The case dimensions and lead con¬ 
figuration conform to the JETEC TO-5 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


2N336 

Outline Drawing No. 4 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 


Collector to Base (Emitter Open) Vcbo 45 volts 

Emitter to Base (Collector Open) Vebo 1 volt 

Collector Current Ic 25 ma 

Power 

Collector Dissipation (•25°C) Pc 150 mw 

Collector Dissipation (100 °C) Pc 100 mw 

Collector Dissipation (150°C) Pc 50 mw 


Temperature Range 

Storage Tstc 

Operating Ta 


—65 to 200 “C 
-55 to 175 "C 


ELECTRICAL CHARACTERISTICS: (25’C) 

(Unless otherwise specified; Vcb = 5v; 
Ie = —1 ma; f = 1 kc) 


Smali Signai Characteristics 


MIN. 

NOM. 

MAX. 


Current Transfer Ratio 

hfe 

76 

120 

333 


Input Impedance 

hib 

30 

53 

80 

ohms 

Reverse Voltage Transfer Ratio 

hrb 

.5 

4.0 

10.0 

X io-« 

Output Admittance 

hob 

0.0 

.13 

1.2 

/;imhos 

Power Gain 





( Vcb = 20v; Ib = —2ma; f = Ike; 






Rg = IK ohms; Rl = 20K ohms) 

Ge 


43 


db 

Noise Figure 

NF 


15 


db 


High Frequency Characteristics 

Frequency Cutoff 


(Vcb = 5v; Ib = —Ima) 

Collector to Base Capacity 

fob 

23 

me 

(Vcb = 5v; Ib = —Ima; f = Imc) 
Power Gain (Common Emitter) 

Cob 

7 

ttui 

(Vcb = 20v; Ib = —2ma; f= 5mc) 

Ge 

13 

db 


D-C Chorocteristics 


Collector Breakdown Voltage 






(Icbo = 50/ta; Ie = 0; Ta = 25°C) 
Collector Cutoff Current 

BVcbo 

45 



volts 

(Vcb = 30v; Ie = 0; Ta = 25°C) 

Icbo 


.02 

2 

/ta 

(Vcb = 5v; Ie = 0; Ta = 150°C) 
Collector Saturation Resistance 

Icbo 


50 

/ta 


(Ib = Ima; Ic = 5ma) 

Rsc 


80 

200 

ohms 

Switching Characteristics 






( Ib, = 0.4 ma; Ibj = —0 4 ma; 

Ic = 2.8 ma) 

Delay Time 

td 


.65 


/tsec 

Rise Time 

tr 


.2 


/tsec 

Storage Time 

ts 


.5 


/tsec 

Fall Time 

tf 


.2 


/tsec 
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TRANSISTOR SPECIFICATIONS 


The General Electric types 2N394, 2N395 are 
PNP alloy junction high frequency switching 
transistors intended for military, industrial, and 
data processing applications where high reliability Outline Drawing No. 2 

and extreme stability of characteristics are of 
prime importance. 



SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltages 

Collector to Emitter 

VcB 

2N394 

-10 

2N395 

-15 

volts 

Collector to Base 

VcB 

-10 

-15 

volts 

Emitter to Base 

Vbb 

-10 

—10 

volts 

Collector Current 

Ic 

-200 

—200 

ma 

Power Dissipation 

Pav 

150 

150 

mw 

Peak Power Dissipation 

(50 (ttsec. max. 20% duty cycle) 

Pm 

500 

500 

mw 

Storage Temperature 

Tsto 

-65 to 100 

-65 to 100 

"C 


ELECTRICAL CHARACTERISTICS: (25°C) 


High Frequency Characteristics 


2N394 


2N395 


(Common Bose) 



DESIGN 


DESIGN 

(VcB = — 5v; Is = 1 mo) 


MIN. MAX. 

CENTER 

MIN. MAX. 

CENTER 

Alpha Cutoff Frequency 

fab 

4 

5.5 

5 

7 me 

Collector Capacity ( f = 1 me) 

Cob 

20 

12 

20 

12 iifd 

Voltage Feedback Ratio 






(f = 1 me) 

hrb 


10 


9 X 10- 

Base Spreading Resistanee 

r'b 


150 


130 ohms 


Cutoff Chorocteristics 

Collector Cutoff Current 


(VcBO = —lOv) 

Ico 


-6 



jCiamps 

(VCBO =: —15v) 

Emitter Cutoff Current 

Ico 




—6 

/tamps 

( Vbbo = —5v) 

Ieo 


-6 



^ttamps 

(Vebo = —lOv) 

Ibo 




—6 

/tamps 

Punch-through Voltage 

Vpt 

-10 


—15 


volts 


D-C Characteristics 


D-C Base Current Gain 

(VcB = —Iv; Ic = —10 ma) 
(VcB = —0.5v; 

Ic = —100 ma) 

Saturation Voltage 

(Ib = —1 ma; Ic = —20 ma) 
Pulse Response Time 
(Ic = —5 ma; 

Ib, = Ib, = 0.5 ma) 

Delay and Rise Time 
Storage Time 
Fall Time 


hFB 

20 

150 


25 150 


hpB 




20 


VcE (SAT) 



-0.1 


—0.1 volts 


td-f-tr 

0.9 

0.9 /ttsec 

ts 

0.35 

0.28 /isec 

tf 

0.35 

0.28 /itsec 


Thermal Characteristics 

Derate 2.5 mw/'C increase in ambient temperature over 25°C. 
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TRANSISTOR SPECIFICATIONS 


The General Electric types 2N396, 2N397 are 
PNP alloy junction hi^ frequency switching 
transistors intended for military, industrial, and 
Outline Drawing No. 2 data processing applications where high reliability 

and extreme stability of characteristics are of 
prime importance. 


2N396, 2N397 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25’’C) 

2N396 

2N397 


voiroges 

Collector to Emitter 

VcB 

-20 

-10 

volts 

Collector to Base 

VcB 

-20 

-10 

volts 

Emitter to Base 

Vbb 

-10 

—10 

volts 

Collector Current 

Ic 

—200 

-250 

ma 

Power Dissipation 

Pav 

150 

1.50 

mw 

Peak Power Dissipation 

(50 iisec. max. 20% duty cycle ) 

Pm 

500 

500 

mw 

Storage Temperature 

Tstg 

-65 to 100 

-65 to 100 

“C 


ELECTRICAL CHARACTERISTICS: (25°C) 
High Frequency Chorocteristics 
(Common Base) 


(VcB = —5v; Ib = 1 mo) 

Alpha Cutoff Frequency fab 

Collector Capacity- (f = 1 me) Cob 
Voltage Feedback Ratio 

(f = 1 me) hrb 

Base Spreading Resistance r'b 


2N396 2N397 




DESIGN 



DESIGN 

MIN. 

MAX. 

CENTER 

MIN. 

MAX. 

CENTER 

5.0 


7 

8 


10 me 


20 

12 


20 

12 /t/tf 



10 



11 X io-» 



140 



160 ohms 


Cutoff Characteristics 


Collector Cutoff Current 

( VCBO = —lOv) 

Ico 

(VcBO = —20v) 

Ico 

Emitter Cutoff Current 

(Vebo = — lOv) 

Ibo 

Punch-through Voltage 

Vpt 



—6 

/lamps 

/lamps 

■10 

-6 

/lamps 


volts 


P-C Chorocteristics 

D-C Base Current Cain 

(VcB = —Iv; Ic = —10 ma) 

(VcB = —0.5v; 

Ic = —100 ma) 

(VcB = —0.35v; 

Ic = —200 ma) 

Saturation Voltage 

( Ib = —1 ma; Ic = —20 ma) 
Pulse Response Time 
(Ic = —5 ma; 

Ib, = Ib„ — 0.5 ma) 

Delay and Rise Time 
Storage Time 
Fall Time 


hpE 

30 

150 


30 

150 

hpB 

20 





hpB 




20 


VcB(SAT) 


—0.2 

—0.09 


—0.085 volts 

td-l-tr 

ts 

tf 



0.9 

0.35 

0.25 


0.66 fisec 
0.35 fisec 
0.25 fisec 


Thermol Chorocteristics 

Derate 2.5 mw/°C increase in ambient temperature over 25°C. 


The General Electric Type 2N450 is a PNP alloy jimction 
high frequency switching transistor intended for military, 
industrial and data processing applications where high 
reliability at the maximum ratings is of prime importance. 

SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25‘’C) 
Voltages 


Collector to Base 

VcB 

—20 volts 

Collector to Emitter 

VCE 

—12 volts 

Emitter to Base 

Veb 

—5 volts 

Collector Current 

Ic 

—125 ma 

Temperature 

Storage 

Tsto 

—65 to 85 °C 

Junction 

Tj 

85 "C 

Power 

Total Transistor Dissipation 

Pav 

150 mw 


2N450 

OutUne Drawing No. 8 
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TRANSISTOR SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS: (ZS’C) 


High Frequency Characteristics 

(Common Base) 

MIN. 

MAX. 

DESIGN 

CENTER 


(VcB = — 5v; Ik = 1 me) 
Alpha Cutoff Frequency 

fab 

me 


5 



Collector Capacity (f = 1 me) 
Voltage Feedback Ratio (f = 1 

Cob 


16 

12 

/t/nf 

me) hrb 


13 

10 

X io-» 


Cutoff Charocteristics 


Breakdown Voltage Collector to Base to 
Base Emitter C^en 


(Ic = —100 /lumps) 

BVcbo 

-20 


volts 

Breakdown Voltage Collector to 
Emitter Base Open 
(Ic = —600 /lamps) 

BVcbo 

-12 


volts 

Collector Cutoff Current 
(VCBO =: —6v) 

ICBO 


—6 

—2 /lamps 

Emitter Cutoff Current 
( Vkbo = —5v) 

Ibbo 


-6 

—2 /lamps 

D-C Characteristics 

D-C Base Current Gain 

(Vc® = —Iv; Ic = —10 ma) 
Saturation Voltage 

(Ib = —5 ma; Ic = —10 ma) 

hpE 

VcK (SAT) 

30 

—0.2 

volts 


The General Eleetric Type 2N451 is an NPN silicon power 
transistor intended for general application at low to 
medium-high frequencies where large amounts of power 
are required at high operating temperatures. The high col¬ 
lector current rating in combination with the low saturation 
resistance and low thermal resistance of this device make it useful in a wide variety 
of applications. A single Type 2N451 in a Class A circuit is capable of 25 watts output 
at a mounting base temperature of -j-30'’C. A pair of Type 2N451 units in Class B 
will deliver 50 watts output at mounting base temperatures up to -1-100”C. The high 
cut-off frequency of the Type 2N451 makes it useful in common-emitter amplifier circuits 
at frequencies up to 500 kc or more. The Type 2N451 transistor is a diffused-junction 
device manufactured by the General Electric vapor diffusion process. It is hermetically 
sealed in a welded case which is designed for mounting on an external heat sink by 
means of a simple threaded stud. The type 2N451 transistor is designed to meet the 
requirements of MIL-T-19500A. 


2N451 

Outline Drawing No. 6 


ABSOLUTE MAXIMUM RATINGS 
Temperature Range 

Storage 

SPECIFICATIONS 

Tsto 

—65 to + 150 °C 

Junction (Operating) 

Tj 

4-150 °C 

Voltages 

Collector-Base 

VcB 

65 volts 

Emitter-Base 

Veb 

10 volts 

Collector-Emitter (Rbe ^ 50 ohms) 

VcB 

65 volts 

Currents 

Base 


0.5 amps 

Collector 


5 amps 

Collector DC Power Dissipation 

25°C Mounting Base Temp. 


85 watts 

100°C Mounting Base Temp. 


35 watts 


ELECTRICAL CHARACTERISTICS 
D-C Chorocteristics 


(25°C Mtg. Bose Temp, except where 


MIN. 

NOM. 

MAX. 


otherwise indicated) 



Collector Reverse Current (Vcb = -|- 65v) 

ICBO 



20 

ma 

(VcE = -f- 30v; Rbe ^ 50 11; 

Ta = -1- 125‘’C) 

ICBB 



20 

ma 

Collector Saturation Resistance 






(Ic — 1 amp; Ib = 0.3 amp.) 

Forward Current Transfer Ratio 

Rsb 


2 

4 

ohms 

(Ic = 1 amp; Vce = lOv) 

hpE 

10 




Input Resistance 

(Ic = 1 amp; Vce = lOv) 

A-C Characteristics (Common Emitter) 

hiE 


25 


ohms 

(Vcb = 30v; Ic = 1 amp) 

Forward Current Transfer Ratio 
(Ic = 0.5 amp rms; f = 1 kc) 

Input Resistance 



14 



(Ic = 0.5 amp rms; f = 1 kc) 



20 


ohms 

Frequency Cutoff (3db) 

Thermal Characteristics 

Thermal resistance from collector junction 

fac 


400 


kc 

to mounting base 




1.5 

®C/watt 



TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N452 features very low col¬ 
lector saturation resistance and high current capability. 
These characteristics make this transistor particularly suit¬ 
able for high power amplifier and switching applications. 
The Type 2N452 transistor is a diffused-junction device 
manufactured by the General Electric vapor diffusion process. It is hermetically sealed 
in a welded case which is designed for mounting on an external heat sink by means 
of a simple threaded stud. The Type 2N452 transistor is designed to meet the require¬ 
ments of MIL-T-19500A. 

ABSOLUTE MAXIMUM RATINGS 
Temperature Range 

Storage 

Junction (Operating) 

Voltages 
Collector-Base 
Emitter-Base 

Collector-Emitter ( Rbe ^ 50 ohms) 

Currents 

Base 
Collector 

Collector DC Power Dissipation 
25°C Mounting Base Temp. 

100°C Mounting Base Temp. 

ELECTRICAL CHARACTERISTICS 
D-C Chorocteristics 


(25°C Mtg. Base Temp, except where 


MiN. 

NOM. 

MAX. 


otherwise indicated) 



Collector Reverse Current (Vcb = 65 v) 

ICBO 



50 

ma 

(VcE = + 65v; Rbe ^ 50 fl; 

Ta = + 125°C) 

ICBB 



50 

ma 

Collector Saturation Resistance 






(Ic = 2 amp; Ib = 0.5 amp.) 

Forward Current Transfer Ratio 

Rse 



2.5 

ohms 

(Ic = 2 amp; Vcb = 20v) 

hFE 

8 




Input Resistance 

(Ic = 2 amp; Vcb = 20v) 

Thermal Characteristics 

Thermal resistance from collector junction 

hiB 


15 


ohms 

to mounting base 




1.5 

"C/watt 


SPECIFICATIONS 


Tstg 

Tj 

VCB 

Veb 

VcE 


—65 to + 150 °C 
-I- 150 “C 

65 volts 
10 volts 
65 volts 

0.5 amps 
5 amps 

85 watts 
35 watts 


2N452 

Outline Drawing No. 6 


2N453 


The General Electric Type 2N453 features a high forward 
current transfer ratio. This transistor is especially well 
suited as a series regulator element in d-c regulated power 
Outline Drawing No. 6 supplies and generally as a high gain, medium power 

amplifier at frequencies up to several hundred kc. The 
Type 2N453 transistor is a diffused-junction device manufactured by the General 
Electric vapor diffusion process. It is hermetically sealed in a welded case which is 
designed for mounting on an external heat sink by means of a simple threaded stud. 
The Type 2N453 transistor is designed to meet the requirements of MIL-T-19500A. 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Temperature Range 


Storage 

Tstg 

—65 to -1- 150 °C 

Junction (Operating) 

Tj 

+ 150 "C 

Voltages 

Collector-Base 

Vcb 

30 volts 

Emitter-Base 

Veb 

10 volts 

Collector-Emitter ( Rbb ^ 50 ohms) 

VcE 

SOyolts 

Currents 

Base 


0.5 amps 
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TRANSISTOR SPECIFICATIONS 


Collector (For good performance, 

maximum collector current should be 
limited to 2 amps.) 

5 amps 

Collector DC Power Dissipation 

25°C Mounting Base Temp. 

85 watts 

100°C Mounting Base Temp. 

35 watts 


ELECTRICAL CHARACTERISTICS 
D-C Chorocteristics 


(25°C Mtg. Bose Temp, except where 
otherwise indicated) 


MIN. 

NOM. 

MAX. 


Collector Reverse Current (Vcb = -t-30v) 

Icbo 



20 

ma 

(VcE = -)- 30v; Rbe 50 0; 

Ta = + 125°C) 

ICER 



20 

ma 

Collector Saturation Resistance 






(Ic = 1 amp; Ib = 0.3 amp.) 

Forward Current Transfer Ratio 

Rse 



6 

ohms 

(Ic = 1 amp; VoE = 20v) 

Input Resistance 

hpE 

20 




(Ic = 1 amp; Vcb = 20v) 

hiB 


50 


ohms 

Thermal Characteristics 

Thermal resistance from collector junction 






to mounting base 




1.5 

°C/watt 


The General Electric Type 2N454 is an NPN silicon power 
transistor intended for use as a general purpose, medium 
power amplifier at frequencies up to several hundred kc. 

The Type 2N454 transistor is a diflFused-junction device 
manufactured by the General Electric vapor diffusion 
process. It is hermetically sealed in a welded case which is designed for mounting 
on an external heat sink by means of a simple threaded stud. The Type 2N454 tran¬ 
sistor is designed to meet the requirements of MIL-T-19500A. 


2N454 

Outline Drawing No. 6 


SPECIFICATIONS 




ABSOLUTE MAXIMUM RATINGS 
Temperature Range 





Storage 

Tstg 


—65 to -|- 150 °C 

Junction (Operating) 

Tj 


+ 150 “C 

Voltages 

Collector-Base 

Vcb 



65 volts 

Emitter-Base 

Veb 



10 volts 

Collector-Emitter ( Rbe ^ 50 ohms) 

Vcb 



65 volts 

Currents 

Base 




0.5 amps 

CoUector (For good performance. 





maximum collector current should be 
limited to 2 amps.) 




5 amps 

Collector DC Power Dissipation 

25“C Mounting Base Temp. 




85 watts 

I00°C Mounting Base Temp. 

ELECTRICAL CHARACTERISTICS 

D-C Characteristics 




35 watts 

(25°C Mtg. Base Temp, except where 

MIN. 

NOM. 

MAX. 


otherwise indicated) 


Collector Reverse Current (Vcb = -|- 65v) 

Icbo 


20 

ma 

(VcE = + 30v; Rbe ^ 50 0; 

Ta = + 125‘’C) 

ICEB 


20 

ma 

Collector Saturation Resistance 





(Ic = I amp; Ib = 0.3 amp.) 

Forward Current Transfer Ratio 

Rsb 


10 

ohms 

(Ic = 1 amp, Vcb 20v) 

Input Resistance 

hpB 8 




(Ic = 1 amp, Vcb = 20v) 

hiE 

25 


ohms 

Thermal Characteristics 

Thermal resistance from collector junction 





to mounting base 



1.5 

°C/watt 



TRANSISTOR SPECIFICATIONS 


The General Electric Silicon Unijunction Tran¬ 
sistor is a hermetically sealed three terminal device 
having a stable “N” type negative resistance 
charactistic over a wide temperatme range. A 
high peak current rating makes this device useful 
in medium power switching and oscillator applications, where it can serve the purpose 
of two conventional silicon transistors. These transistors are hermetically sealed in a 
welded case. TTie case dimensions and lead configuration are suitable for insertion in 
printed boards by automatic assembly equipment. The Silicon Unijunction Transistor 
consists of an “N” type silicon bar mounted between two ohmic base contacts with a 
“P” type emitter near base-two. The device operates by conductivity modulation of 
the silicon between the emitter and base-one when the emitter is forward biased. In 
the cutoff, or standby condition, the emitter and interbase power supplies establish 

E otentials between the base contacts, and at the emitter, such that the emitter is back 
iased. If the emitter potential is increased sufficiently to overcome this bias, holes 
(minority carriers) are injected into the silicon bar. Tliese holes are swept towards 
base-one by the internal field in the bar. The increased charge concentration, due to 
these holes, decreases the resistance and hence decreases the internal voltage drop 
from the emitter to base-one. The emitter current then increases regeneratively until 
it is limited by the emitter power supply. The effect of this conductivity modulation 
is also noticed as an effective modulation of the interbase current. 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25'’C) 

RMS Power Dissipation 

RMS Power Dissipation — Stabilized** 

RMS Emitter Current 

Peak Emitter Current*** (Tj = ISO^C) 

Emitter Reverse Voltage (Tj = 150“C) 

Operating Temperature Range 
Storage Temperature Range 
Interbase Voltage (Vbb) 

•Derate 2 mw/“C increase in ambient temperature. 

**Total power dissipation must be limited by external circuit. 
***Capacitor discharge —10 /tfd or less. 


250 mw* 
350 mw* 
50 ma 
2 amps 
60 volts 
-65 to 150 °C 
—65 to 200 -C 
See Fig. A 


2N489-2N494 

Outline Drawing No. 5 


Types 2N489-2N494 are specified primarily in three 
ranges of stand-off and two ranges of interbase resistance. 
Each range of stand-off ratio has limits of ±10% from 
the center value and each range of interbase resistance 
has limits of ±20% from the center value. 


2N489, 2N490 | 

2N489 2N490 


MAJOR ELECTRICAL CHARACTERISTICS: 

Interbase Resistance at 25‘’C Junction 

MIN. 

NOM. 

MAX 

MIN. 

NOM. 

MAX. 

9.1 

kilohms 

Temperature 

RbBq 

4.7 

5.6 

6.8 

6.2 

7.5 

Intrinsic Stand-off Ratio 
Modulated Interbase Current 

V 

.51 

.56 

.62 

.51 

.56 

.62 


( Ib =50 ma; Vbb = lOv; 

Ta = 25'’C) 

Ibj (MOD) 

6.8 

12 

22 

6.8 

12 

22 

ma 

Emitter Reverse Current 







1.0 


(VbjK = 60v; Tj = 25°C) 

Ibo 


.07 

1.0 


.07 

flB. 

(VbjB = 60v; Tj = 150'C) 

Ibo 


28 

100 


28 

100 

flA 

MINOR ELECTRICAL CHARACTERISTICS: (Typical Values) 






Emitter Saturation Voltage 









(Ib =50 ma; Vbb = lOv; 









Ta = 25°C) 

Vb(SAT) 

1.5 

2.2 

3.5 

1.5 

2.4 

3.6 

volts 

Peak Point Emitter Current 








(Vbb = 25v; Ta = 25'’C) 

Ip 


4 

12 


4 

12 

fia. 

Valley Voltage 

Vv 

1.1 

1.9 

3.4 

1.0 

1.9 

3.5 

volts 

Valley Current 

Iv 

12 

19 

35 

11 

19 

31 

ma 


Maximum Frequency of Oscillation 
( Ibj = 4.5 ma; Relaxation 

Oscillator) fit ax 0.9 0.7 mo 


138 




TRANSISTOR SPECIFICATIONS 


2N491, 2N492 


MAJOR ELECTRICAL CHARACTERISTICS: 

Interbase Resistance at 25°C Junction 
Temperature RbBq 

Intrinsic Stand-oflF Ratio if 

Modulated Interbase Current 
( Ib =50 ma; Vbb = lOv; 

Ta = 25°C) Ib2(MOD) 

Emitter Reverse Current 

(VbjB = 60v; Tj = 25°C) Ibo 

(Vb„b = 60v; Tj = 150‘’C) Ibo 


2N491 
MIN. NOM. 


MAX. 


2N492 
MIN. NOM. 


MAX. 


Emitter Saturation Voltage 
(Ik = 50 ma; Vbb = lOv; 

Ta = 25’>C) 

Peak Point Emitter Current 
(Vbb=25v; Ta = 25’’C) 

Valley Voltage 
Valley Current 

Maximum Frequency of Oscillation 
(IB 2 = 4.5 ma; Relaxation 
Oscillator ) 


Vb(SAT) 

Ip 

Vv 

Iv 


Imax 


4.7 

5.6 

6.8 

6.2 

7.5 

9.1 

kilohn 

.56 

.62 

.68 

.56 

.62 

.68 


6.8 

12 

22 

6.8 

12 

22 

ma 


.07 

1.0 


.07 

1.0 

fl2L 


28 

100 


28 

100 

/ta 

;al Values) 






1.7 

2.6 

3.8 

1.8 

2.8 

4.0 

volts 


4 

12 


4 

12 

/ta 

1.2 

2.2 

3.9 

1.2 

2.2 

3.9 

volts 

13 

20 

37 

12 

20 

38 

ma 


0.8 



0.7 


me 


2N493. 2N494 


MAJOR ELECTRICAL CHARACTERISTICS 

Interbase Resistance at 25°C Junction 
Temperature RbBq 

Intrinsic Stand-off Ratio 1 ; 

Modulated Interbase Current 
(Ib =50 ma; Vbb = lOv; 

Ta = 25‘’C) 

Emitter Reverse Current 
(Vb,b = eOv; Tj = 25"C) 

(VbjB = 60v; Tj = 150»C) 

MINOR ELECTRICAL CHARACTER 

Emitter Saturation Voltage 
(Ib = 50 ma; Vbb = lOv; 

Ta = 25“C) 

Peak Point Emitter Current 
(Vbb = 25v; Ta = 25°C) 

Valley Voltage 

Valley Current 

Maximum Frequency of Oscillation 
(Ibj = 4.5 ma; Relaxation 
Oscillator ) 


2N493 

MIN. NOM. MAX. 


4.7 

.62 


5.6 

.68 


6.8 

.75 


2N494 

MIN. NOM. MAX. 


6.2 

.62 


7.5 

.68 


9.1 

.75 


kilohms 


Ibj (1;iOD) 

6.8 

12 

22 

6.8 

12 

22 

ma 

Ibo 


,07 

1.0 


.07 

1.0 

/ta 

Ibo 


28 

100 


28 

100 

/ta 

IISTICS: (Typical Values) 






Vb(SAT) 

2.0 

3,0 

4.5 

2.1 

3.2 

4.6 

volts 



4 

12 


4 

12 

/ta 

Vv 

1.4 

2.5 

4.4 

1.4 

2.5 

4.3 

volts 

Iv 

14 

24 

40 

12 

21 

35 

ma 

fuAX 


0.7 



0.65 


me 

FERBASE RESISTANCE (25“C) 

-’’BBo 

- KILOHMS 





9 8 

7 

.AA-AAlAA^AlAXAi 

6 

5 4 

3 

2 




RMS EMITTER POWER DISSIPATION < 20 MW 
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TRANSISTOR SPECIFICATIONS 


2N508 

Outline Drawing No. 2 


and the use of hermetic 


The 2N508 is an alloy junction PNP transistor intended 
for driver service in audio amplifiers. It is a miniaturized 
version of the 2N265 G.E. transistor. By control of transistor 
characteristics during manufacture, a specific power gain 
is provided for each type. Special processing techniques 
seals provides stability of these characteristics throughout life. 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Emitter 

VcK 

—16 volts 

Collector to Base 

Vcb 

—16 volts 

Collector Current 

Ic 

—100 ma 

Power 

Collector Dissipation 

PcM 

140 mw 

Temperature 

Operating and Storage Range 

Ta-Tstq 

-65 to + 65 °C 


TYPICAL ELECTRICAL CHARACTERISTICS: (ZS'C) 


D.C. Charocteristics 

Base Current Gain ( Ic = —20 ma; Vcb = —Iv) Iifb 
Collector to Emitter Voltage 

(Reb = lOK; lo = —.6 ma) Vcer 

Collector Cutoff Current (Vcb = —16v) Ico 
Max. Collector Cutoff Current (Vcb = —16v)Ico 


125 


—16 volts 

10 fia. 

16 tia. 


Smoll Signal Chorocteristics 

Frequency Cutoff (Vcb = —5v; Ib = 1 ma) fab 
Collector Capacity (Vcb = —5v; Ie = 1 ma)Cob 
Noise Figure (Vcb =: —5v; Ie = 1 ma) NF 
Input Inmedance (Vce = — 5v; Ib = 1 ma) hie 
Current Gain (Vcb = —5v; Ie = 1 ma) hfe 


3.5 me 
24 |t/tf 
6 db 
3 K ohms 
112 


Thermol Choracteristics 

Thermal Resistance Junction to Air .25 “C/mw 


Performance Doto Common Emitter 

Power Gain Driver (Vcc = 9v) Ge 

Power Output Po 


45 db 
1 mw 





TRANSISTOR SPECIFICATIONS 


The General Electric Type 2N518 is a ger manium PNP 
alloy junction high frequency switching transistor intended 
for military, industrial and data processing applieations 
where high reliability at the maximum ratings is of prime 
importance. 


2N518 

Outline Drawing No. 8 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 

Collector to Base Vcb 

Collector to Emitter Vce 

Emitter to Base Vbb 


—45 volts 
—12 volts 
—30 volts 


Collector Current 


Ic 


-125 ma 


Temperature 

Storage 

Junction 


Tstg 

Tj 


-65 to 85 “C 
85 "C 


Power 

Total Transistor Dissipation 


Pav 


150 mw 


ELECTRICAL CHARACTERISTICS: (ZSX) 


(Vcb = —5v; Ie = 1 ma) 

Alpha Cutoff Frequency 
Collector Capacity (f = 1 me) 
Voltage Feedback Batio (f = 1 me) 


Cutoff Characteristics 

Breakdown Voltage Collector to Base 
Emitter Open (Ic = —100 /tamps) 
Breakdown Voltage Emitter to Base 
Collector Open ( Ik = —100 /tamps) 
Breakdown Voltage Collector to Emitter 
Base Open (Ic = —600 /tamps) 
Collector Cutoff Current (Vcbo = —12v) 
Emitter Cutoff Current (Vebo = —12v) 


P-C Charocteristics 

D-C Base Current Gain 

(Vcb = —Iv; Ic = —10 ma) 
Saturation Voltage 

(Ib = —.25 ma; Ic = —10 ma) 

Pulse Response Time 

(Ic — 10 ma; Ibj = Ibj = — .5 ma) 
Delay and Rise Time 
Storage Time 
Fall Time 


Bose) 



DESIGN 



MIN. 

MAX. 

CENTER 


fab 

10 



me 

Cob 


16 

12 

fifii 

hrb 


13 

10 

XlO-s 

BVcbo 

-45 



volts 

BVebo 

—30 



volts 

BVcko 

—12 



volts 

ICBO 


—6 


/lamps 

Iebo 


—6 


/lamps 

hpE 

60 




Vce (SAT) 


-0.150 


volts 

td -ftr 



0.8 

/isec 

ts 



0.9 

fisec 

tf 



0.5 

jttsec 


Thermol Charocteristics 

Derate 2.5 mw/°C increase in ambient temperature over 25°C. 
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TRANSISTOR SPECIFICATIONS 


The General Electric types 2N524 and 2N525 
are germanium PNP alloy junction transistors par¬ 
ticularly recommended for low to medium power 
amplifier and switching application in the fre- 
Outline Drawing No. 2 quency range from audio to 100 KC. This series 

of transistors is intended for military, industrial and data processing applications where 
high reliability and extreme stability of characteristics are of prime importance. The 
2N524 and 2N525 are equivalent to the 2N44 and 2N43 respectively and may be 
directly substituted in most applications. 


2N524, 2N525 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltages 

Collector to Base Vcbo 

Collector to Emitter Vcbr 

Emitter to Base Vbbo 

Collector Current Icm 

Temperatures 

Storage Tstg 

Operating Tj 

Power 

Total Transistor Dissipation Pav 


—45 volts 
—30 volts 
—15 volts 


—500 ma 


—65 to 100 °C 
85 "C 


225 mw 


ELECTRICAL CHARACTERISTICS: (25°C) 
Small Signol Chorocteristlcs 


(Unless otherwise specified Vc = —5V 
common base; Ie = —1 ma; f = 270 cps) 


Output Admittance 

(Input AC Open Circuited) hob 
Input Impedance 
(Output AC Short 
Circuited) hib 

Reverse Voltage Transfer Ratio 

(Input AC Open Circuited ) hrb 
Forward Current Transfer Ratio 
(Common Emitter; Output 
AC Short Circuited) hie 

Frequency Cutoff fab 

Output Capacity (f = 1 me; 

Input AC open circuited) Cob 

Noise Figure (f = 1 kc; 

BW = 1 cycle) NF 

D-C Characteristics 

Forward Current Gain 

(Common Emitter, Ic/Ib) 

(VcB = —Iv; Ic = —20 ma) hpB 

(VcB = — Iv; Ic = — lOOma) Bfe 

Base Input Voltage, 

Common Emitter 

( VcB = —Iv; Ic = —20 ma) Vbb 

Collector Cutoff Current 

(Vcbo = —30v) Ico 

Emitter Cutoff Current 

(Vbbo = —15v) Ibo 

Collector to Emitter Voltage 
(Rbb = lOK ohms; 

Ic = —.6 ma) VcER 

Punch-through Voltage Vct 


Thermal Resistonce (k) 

Junction Temperature Rise/ 
Total Transistor Dissipation: 
Free Air 

Infinite Heat Sink 
Clip-on Heat Sink in 
Free Air 



2N524 



2N525 



MIN. 

NOM. 

MAX. 

MIN. 

NOM. 

MAX. 


.10 

.65 

1.3 

.1 

.6 

1.2 

gmhos 

26 

31 

36 

26 

31 

35 

ohms 

1 

4.0 

10 

1 

5.0 

11 

X 10-* 

16 

30 

41 

30 

44 

64 


.8 

2.0 

5.0 

1 

2.5 

5.5 

me 

18 

25 

40 

18 

25 

40 

li/d 

1 

6 

15 

1 

6 

15 

db 


19 

13 

35 

31 

42 

34 

30 

52 

45 

65 


.220 

-.255 

-.320 

-.200 

—.243 

-.300 



-5 

—10 


-5 

-10 

fia. 


—4 

-10 


—4 

-10 

/ta 

-30 

-30 



-30 

—30 



volts 

volts 


.27 

.27 

“C/mw 

.11 

.11 

”C/mw 

.20 

.20 

°C/mw 
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TRANSISTOR SPECIFICATIONS 


The General Electric types 2N526 and 2N527 
are germanium PNP alloy junction transistors 
particularly recommended for low to medium 
power amplifier and switching application in the 
frequency range from audio to 100 KC. This series Outline Drawing No. 2 

of transistors is intended for military, industrial and data processing applications where 
high reliability and extreme stability of characteristics are of prime importance. 


2N526, 2N527 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltages 

Collector to Base Vcbo 

Collector to Emitter Vobr 

Emitter to Base Vbbo 

Collector Current Icm 

Temperatures 

Storage Tstg 

Operating Tj 

Power 

Total Transistor Dissipation Pav 


ELECTRICAL CHARACTERISTICS; (25°C) 

Sm oll Signol C horoc t eristie s 

(Unless otherwise specified Vc = —5V 
common base; Ib = —1 ma; f = 270 cps) 


—45 volts 
—30 volts 
—15 volts 


—500 ma 


—65 to 100 “C 
85 °C 


225 mw 


Output Admittance 

(Input AC Open Circuited) 
Input Impedance 
(Output AC Short 
Circuited) 

Reverse Voltage Transfer Ratio 
(Input AC Open Circuited) 
Forward Current Transfer Ratio 
(Common Emitter; Output 
AC Short Circuited) 
Frequency Cutoff 
Output Capacity (f = 1 me; 

Input AC open circuited) 
Noise Figure (f = 1 kc; 

BW = 1 cycle) 


hob 

MIN. 

.1 

2N526 

NOM. 

.42 

MAX. 

1.0 

MIN. 

.1 

2N527 

NOM. 

.37 

MAX. 

.9 

;imhos 

hib 

26 

30 

33 

26 

29 

31 

ohms 

hrb 

1 

6.5 

12 

1 

8.0 

14 

X 10-* 

hr e 

44 

64 

88 

60 

81 

120 


fab 

1.3 

3.0 

6.5 

1.5 

3.3 

7 

me 

Cob 

18 

25 

40 

18 

25 

40 

ILIll 

NF 

1 

6 

15 

1 

6 

15 

db 


D-C Characteristics 

Forward Current Gain 

(Common Emitter, Ic/Ib ) 

(VcB = —1 v; Ic = — 20 ma) 

(VcE = —Iv; Ic = — 100 ma) 
Base Input Voltage, 

Common Emitter 
( VcB = — Iv; Ic = — 20 ma ) 
Collector Cutoff Current 
(VcBO = —30v) 

Emitter Cutoff Current 
(Vbbo = -15v) 

Collector to Emitter Voltage 
(Rbb = lOK ohms; 

Ic = —.6 ma) 
Punch-through Voltage 


Thermal Resistance (k> 

Junction Temperature Rise/ 
Total Transistor Dissipation: 
Free Air 

Infinite Heat Sink 
Clip-on Heat Sink in 
Free Air 


hpE 

53 

73 

90 

hFB 

47 

66 


Vbb 

-.190 

-.230 

—.280 

h’o 


—5 

—10 

Ieo 


-4 

-10 

VcEK 

—30 



Vl’T 

-30 




.27 

.11 

.20 


72 

65 

91 

86 

121 


-.180 

-.216 

-.260 



—5 

—10 

A* 


-4 

-10 

jua 

—30 

-30 



volts 

volts 


.27 

°C/mw 

.11 

“C/mw 

.20 

°C/mw 



TRANSISTOR SPECIFICATIONS 


The General Electric type 2N634 is an NPN germanium 
alloy triode transistor designed for high speed switching 
applications. 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: 

(25‘’C) 






Voltages 

Collector to Base 


Vcb 




20 volts 

Emitter to Base 


Veb 




15 volts 

Collector to Emitter 


Vcb 




20 volts 

Currents 

Collector 


Ic 




300 ma 

Base 


Ib 




50 ma 

Emitter 


Ie 




300 ma 

Temperature 







Storage 


Tstg 



-65 to 85 “C 

Operating Junction 


Ta 




85 “C 

JPower 







Dissipation 


Pm 




150 mw 

ELECTRICAL CHARACTERISTICS: 

Collector Voltage 

(25°C) 


MIN. 

NOM. 

MAX. 


(Ic = 15 /tamp; Ik = 0) 

Emitter Voltage 


VcBO 

20 



volts 

( Ib = 10 Aamp; Ic = 0) 

Collector to Emitter Voltage 
(lo = 600 /tamp; R = 10 K) 


Vbbo 

15 



volts 


VCBB 

20 



volts 

Collector Cutoff Current 






(Vcb = 5v; Ib = 0) 


ICBO 



5 

/tamps 

Punch Through Voltage 

D-C Current Gain 


Vpt 

20 



volts 

(Ic = 200 ma; Vcb = 0.75v) 
Alpha Cutoff Frequency 


hFB 

15 




(Vcb = 5v; Ib = —1 ma) 


fab 

5 

8 


me 


2N634 

Outline Drawing No. 2 


Thermol Chorocteristic 

Derate 2.5 mw/'C increase in ambient temperature over 25“C. 

The General Electric type 2N635 is an NPN germanium 
alloy triode transistor designed for high speed switching 
applications. 

SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 

Voltages 

Collector to Base Vcb 

Emitter to Base Veb 

Collector to Emitter Vcb 

Currents 

Collector Ic 

Base Ib 

Emitter Ib 

Temperature 

Storage Tstg -65 to 85 °C 

Operating Junction Ta 85 °C 


20 volts 
15 volts 
20 volts 


300 ma 
50 ma 
300 ma 


2N635 

Outline Drawing No. 2 


Power 

Dissipation 


Pm 


144 


150 mw 






TRANSISTOR SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS: (25°C) 


Collector Voltage 


MIN. 

NOM. 

MAX. 


(lo = 15 /tamp; Ie = 0) 

Emitter Voltage 

VCBO 

20 



volts 

(Ib = 10 /tamp; Ic = 0) 

Collector to Emitter Voltage 

Vbbo 

15 



volts 

(Ic = 600 /tamp; R = 10 K) 
Collector Cutoff Current 

VCER 

20 



volts 

(VcB = 5v; 1 e = 0) 

ICBO 



5 

/tamps 

Punch Through Voltage 

D-C Current Gain 

Vpt 

20 



volts 

(Ic = 200 ma; Vcb = 0.75v) 

Alpha Cutoff Frequency 

hFB 

25 




(Vcb = 5v; 1 b = —1 ma) 

fab 

10 

12 


me 


Thermol ChoracterisHc 

Derate 2.5 mw/'C increase in ambient temperature over 25°C. 


Ml 


The General Electric type 2N636 is an NPN germanium 
alloy triode transistor designed for high speed switching 
applications. 

Outline Drawing No. 2 


2N636 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS: (25°C) 


Voltages 

Collector to Base 

Vcb 




20 volts 

Emitter to Base 

Vbb 




15 volts 

Collector to Emitter 

Vce 




20 volts 

Currents 






Collector 

Ic 




300 ma 

Base 

1b 




50 ma 

Emitter 

1b 




300 ma 

Temperature 






Storage 

Tstg 



-65 to 85 "C 

Operating Junction 

Ta 




85 °C 

Power 






Dissipation 

Pm 




150 mw 

ELECTRICAL CHARACTERISTICS: 

Collector Voltage 

(25°C) 

MIN. 

NOM. 

MAX. 


(lo = 15 /tamp; 1 e = 0) 

Emitter Voltage 

Vcbo 

20 



volts 

(1e = 10 /tamp; Ic = 0) 
Collector to Emitter Voltage 

Vbbo 

15 



volts 

(Ic = 600 /tamp; R = 10 K) 
Collector Cutoff Current 

Vcek 

15 



volts 

(Vcb = 5v; 1 b =0) 

ICBO 



5 

/tamps 

Punch Through Voltage 

D-C Current Cain 

Vpt 

15 



volts 

(Ic = 200 ma; Vce = 0.75v) 
Alpha Cutoff Frequency 

hpB 

35 




(Vcb = 5v; 1 b = —I ma) 

fab 

15 

17 


me 


Theriwol ChoracterisHc 

Derate 2.5 mw/°C increase in ambient temperature over 25°C. 
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TRANSISTOR SPECIFICATIONS 


The General Electric Type 3N36 is a germanium meltback 
NPN transistor designed for high frequency use as an 
amplifier, oscillator or mixer. It is recommended for use in 
the frequency range from 30mc to lOOmc. The 3N36 is 
excellent for wide band video amplifiers from low frequency 
to lOmc. All units are subjected to a rigorous mechanical drop test to control mechani¬ 
cal reliability. These transistors are hermetically sealed in welded cases. The case 
dimensions conform to the JETEC TO-12 package and are suitable for insertion in 
printed boards by automatic assembly equipment. 


3N36 

Outline Drawing No. 7 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 


Collector to Base 1 or Base 2 

Vcb 

7 volts 

Emitter to Base 1 or Base 2 

Vkb 

2 volts 

Collector to Emitter 

VCE 

6 volts 


Currents 



Collector 

Ic 

20 ma 

Emitter 

Ie 

—20 ma 

Base 2 

Ibo 

2 ma 


Temperoture 

Storage Tstq —65 to +85 "C 

Operating Junction Tj +85 °C 


Power 

Total Transistor Dissipation Pm 30 mw 


ELECTRICAL CHARACTERISTICS: (25°C) 

(Unless otherwise specified Vcb^ = + 5v; 
is = —1.5 mo; Vb„b, = —2v; f r= 60 me) 

DESIGN 

Smoll Signal High Frequency Porometers MIN. CENTER MAX. 


Output Capacity Cob 

Noise Figure (Common Base) NF 

Base Spreading Resistance r'b 


2 3 yUyUt 

11 db 

50 ohms 


Common Emitter "h" Porometers 


Input Impedance hio 

Reverse Voltage Transfer Ratio hre 

Current Transfer Ratio hr® 

Output Admittance hoe 

Common Base Cutoff Frequency fab 

Common Emitter Power Cain Ge 


100 — i27 
.022 L 47° 
2.2 i -81° 
8 + j8.8 
50 

10 11.5 


ohms 

X 10“^ mhos 
me 
db 


D-C Chorocteristics 

Voltage Collector to Emitter 
(Rbb = lOK; 

VB 2 E = —2v; Ic = 25 /ramp) Vceb 5 

Collector Cutoff Current (VcBjBj = 7v) Ico 
Cross Base Resistance Rb,B 2 2.4K 


volts 

3 10 /tamps 

4K lOK ohms 


Thermol Chorocteristic 

Derate .5mw/°C increase in ambient temperature over 25°C. 
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TRANSISTOR SPECIFICATIONS 


The General Electric Type 3N37 is a germanium meltback 
NPN transistor designed for high frequency use as an 
amplifier, oscillator or mixer. It is recommended for use in 
the frequency range of lOOmc to 200mc. The 3N37 is excel¬ 
lent for wide band video amplifiers from low frequency to 
lOmc. All units are subjected to a rigorous mechanical drop test to control mechanical 
reliability. These transistors are hermetically sealed in welded cases. The case dimen¬ 
sions conform to the JETEC TO-12 package and are suitable for insertion in printed 
boards by automatic assembly equipment. 


3N37 

Outline Drawing No. 7 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS: (25°C) 
Voltages 


Collector to Base 1 or Base 2 Vcb 7 volts 

Emitter to Base 1 or Base 2 Veb 2 volts 

Collector to Emitter Vcn 6 volts 


Currents 

Collector Ic 20 ma 

Emitter Ib —20 ma 

Base 2 Ib., 2 ma 


Temperature 

Storage 

Operating Junction 


Tstg —65 to 4-85 °C 
Tj 4-85 °C 


Power 

Total Transistor Dissipation Pm 30 mw 


ELECTRICAL CHARACTERISTICS: (25°C) 

(Unless otherwise specified Vcb^ = 4- 5y; 

Ib = —1.5 mo; Vb^b. = —2v; f = 150 me) 

DESIGN 

Smoll Signol High Frequency Porameters MIN. CENTER MAX. 


Ou^ut Capacity 

Noise Figure (Common Base) 

Base Spreading Resistance 


Cob 

1.5 

3 

/t/tf 

NF 

11 


db 

r'b 

50 


ohms 


Common Emitter **h" Porometers 


Input Impedance hio 

Reverse Voltage Transfer Ratio hre 

Current Transfer Ratio hf® 

Output Admittance ho® 

Common Base Cutoff Frequency fab 

Common Emitter Power Gain G® 


80 — ilO 
.018 L 84° 
1.1 L —100° 
5.5 4-112.514 
90 

7 9 


ohms 

X 10'* mhos 
me 
db 


D-C Chorocteristics 

Voltage Gollector to Emitter 
(Rbe = lOK; 

Vb^e = —2v; Ic = 25 /tamp) Vcer 5 

Collector Cutoff Current (VcBjB„ = 7v) Ico 
Cross Base Resistance RB|B., 2.5K 


volts 

3 10 /tamps 

4K lOK ohms 


Thermal Characteristic 


Derate .5mw/°C increase in ambient temperature over 25°C. 



































REGISTERED JETEC TRANSISTOR TYPES 


cn 

o 


For explanation of symbols, ratings and mfg. symbols see page 160. 


MAY 1 


JETEC 




Dwg. 

Pc mw 

MAX. RATINGS — 




TYPICAL VALUES 

Po mw — 

Class 

19 5 8 

No. 

Type 

Mfr. 

Use 

No. 

@ 25'“C 

BVce 

Ic mo 

Tj'C 

hf « 

fab me 

G.db 

A 

B 

Closest GE 

2N22 

Pt 

WE 

Sw 


120 

-100 

-20 

55 

1.9o 






2N23 

Pt 

WE 

Sw 


80 

-50 

-40 

55 

1.9a 






2N24 

Pt 

WE 

AF 


120 

-30 

-25 

50 

2.2a 





' 

2N25 

Pt 

WE 

AF 


200 

-50 

-30 

60 

2.5a 






2N26 

Pt 

WE 

Sw 


90 

-30 

-40 

55 







2N27 

NPN 

WE 

AF 


50 

35 

100 

85 

100 

1 





2N28 

NPN 

WE 

AF 


50 

30 

100 

85 

100 

.5 





2N29 

NPN 

WE 

AF 


50 

35 

30 

85 

100 

1 





2N30 

Pt 

GE 

Obsolete 


100 

30 

7 

40 

2.2a 


17 



old Gil 

2N31 

Pt 

GE 

Obsolete 


100 

30 

7 

40 

2.2a 

2 




old GllA 

2N32 

Pt 

RCA 



50 

-40 

-8 

40 

2.2a 

2.7 

21 




2N33 

Pt 

RCA 

Obsolete 


30 

-8.5 

-7 

40 



Osc. 




2N34 

PNP 

RCA 

AF 


50 

-25 

-8 

50 

40 

.6 

40 



2N190 

2N35 

NPN 

RCA 

IF 


50 

25 

8 

50 

40 

.8 

40 


i ^5 

2N169A 

2N36 

PNP 

CRS 

AF 


50 

-20 

-8 

50 

45 


40 



2N191 

2N37 

PNP 

CRS 

AF 


50 

-20 

-8 

50 

30 


36 



2N190 

2N38 

PNP 

CBS 

AF 


50 

-20 

-8 

50 

15 


32 



2N189 

2N38A 

PNP 

CBS 

AF 


50 

-20 

-8 

50 

18 


.32 



2N189 

2N41 

PNP 

RCA 



50 

-25 

-15 

50 

40 


40 



2N190 

2N43 

PNP 

GE 

AF 

1 

240 

-.30 

-300 

100 

5.3 

1.3 

40 

40 


2N43 

2N43A 

PNP 

GE 

AF 

1 

155 

-25 


100 

5.3 

1.3 

40 

40 


2N43A 

2N44 

PNP 

GE 

AF 

1 

240 

-.30 

-300 

100 

.31 

1.0 

39 

40 


2N44 

2N45 

PNP 

GE 

Obsolete 


155 

-25 


100 

31 

1.0 

.38 

40 



2N46 

PNP 

RCA 




- see 

2N41 - 







2N190 

2N47 

PNP 

Phil 

AF 


50 

-35 

-20 

65 

.38 

8 

40 



2N190 25V 

2N48 

PNP 

Phil 

AF 


50 

-.35 

-20 

65 

.32 

8 

40 



2N189 25V 

2N49 

PNP 

Phil 

AF 


50 

-35 

-20 

65 

.38 

8 

40 



2N190 25V 

2N50 

Pt 

Cle 



50 

-15 

-1 

50 

2a 

3 

20 




2N51 

Pt 

Cle 

Sw 


100 

-50 

-8 

50 



20 




2N52 

Pt 

Cle 

RF 


120 

-50 

-8 

50 



20 




2N53 

Pt 

Cle 

RF 


100 

-50 

-8 

50 

2a 

5 

20 




2N54 

PNP 

W 

AF 


200 

-45 

-10 

60 

32 

.5 

40 



2N190 25V 

2N55 

PNP 

W 

AF 


200 

-45 

-10 

60 

20 

.5 

.39 



2N190 25V 

2N56 

PNP 

W 

AF 


200 

-45 

-10 

60 

12 

.5 

38 



2N189 25V 

2N57 

PNP 

W 

Pwr 


20W 

-60 

-.8A 


60 


14 

5W 



2N59 

PNP 

W 

AF Out 


180 

-20 

-200 

85 

90 


30 

30 

.300 

2N241A or 2N321 












m. 

■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

■ 

1 

1 ■ 






JkiAY BATIUAC 
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JETEC 




Dwg. 

Pc mw 







Po mw 

— Class 


No. 

Type 

Mfr. 

Use 

No. 

@ 25"C 

BVcb 

Ic ma 

Tj°C 

hte 

fab me 

Gedb 

A 

B 

Closest GE 

2N60 

PNP 

W 

AF Out 


180 

-20 

-200 

85 

65 


28 

30 

.300 

2N188A or 2N.320 

2N61 

PNP 

W 

AF Out 


180 

-20 

-200 

85 

45 


26 

30 

300 

2N187A or 2N.319 

2N62 

PNP 

Phil 

Obsolete 


50 

-35 

-20 


40 






2N63 

PNP 

Ray 

AF 


100 

-22 

-10 

85 

22 

6 

39 

40 


2N107 

2N64 

PNP 

Ray 

AF 


100 

-15 

-10 

85 

45 

8 

41 

40 


2N191 

2N65 

PNP 

Ray 

AF 


100 

-12 

-10 

85 

90 

1.2 

42 

40 


2N192 

2N66 

PNP 

WE 

Obsolete 


IW 

-40 

.8A 

80 


.2 





2N68 

PNP 

Syl 

Pwr 


2W/4W 

-25 

-1.5A 

70 

40 

.4 

23 

600 

5W 


2N71 

PNP 

W 

Pwr 


IW 

-50 

-250 

60 


.25 

25 

400 



2N72 

Pt 

RCA 

Obsolete 


50 

-40 

-20 

55 


2.5 





2N73 

PNP 

W 

AF Sw 


200 

-50 





low level 




2N74 

PNP 

W 

AF Sw 


200 

-50 





high level 




2N75 

PNP 

W 

AF Sw 


200 

-50 





very low level 




2N76 

PNP 

GE 

Obsolete 


50 

-20 

-10 

60 

20 

1 

38 



2N190 

2N77 

PNP 

RCA 

AF 


35 

-25 

-15 

50 

55 

.7 

44 

50 


2N191 

2N78 

NPN 

GE 

RF 

3 

65 

15 

20 

85 

■EnaHI 

9 

28 



2N78 

2N79 

PNP 

RCA 

AF 


35 

-.30 

-50 


46 

.7 

44 

50 


2N191 

2N80 

PNP 

CBS 

AF 


50 

-25 

-8 

Hi 






2N192 

2N81 

PNP 

GE 

Obsolete 


50 

-20 

-15 

100 

30 





use 2N189 

2N82 

PNP 

CBS 

AF 


35 

-20 

-15 

Hi 

30 






2N94 

NPN 

Syl 

RF Sw 


30 

20 

50 

75 

.30 

.3 

38 



/ 2N169A (and 

2N94A 

NPN 

Syl 

RF Sw 


30 

20 

50 

75 

40 

6 

.38 



1 2N123 PNP) 

2N95 

NPN 

Syl 

Pwr 


2.5W/4W 

25 

1.5A 

70 

40 

.4 

2.3 

600 

5W 


2N96 

PNP 

RCA 

Obsolete 


50 

-.30* 

-20 

55 

.35 

.5 




2N190 or 2N.322 

2N97 

NPN 

GP 

IF 


50 

30 

10 

75 

13 

1 

20 



2N169 15V 

2N97A 

NPN 

GP 

IF 


50 

40 


85 

13 

1 

20 



2N169A 25V 

2N98 

NPN 

GP 

IF 


50 

40 

■■ 

75 

38 

2.5 

22 



2N169A 25V 

2N98A 

NPN 

GP 

IF 


50 

40 

■■ 

85 

38 

2.5 

22 



2N169A 25V 

2N99 

NPN 

GP 

IF 


50 

40 



38 

3.5 

22 



2N169A 25V 

2N100 

NPN 

GP 

IF 


25 

25 


■im 

100 

5 

23 



2N170 6V 

2N101 

PNP 

Syl 

Pwr 


IW 

-25 





23 

600 



2N102 

NPN 

Syl 

Pwr 








23 

600 

5W 


2N103 

NPN 

GP 

Genl IF 




■■ 

■■ 

5 

.75 

15 



2N170 6V 

2N104 

PNP 

RCA 

AF 

_1 





44 

.7 

41 



2N190 25V 

2N105 

■ans 






-15 

50 

55 

.75 

42 



2N191 

2N106 

■afira 






-10 

85 

45 

.8 

36 

40 


2N189 

2N107 







-10 

60 

20 

1 

38 



2N107 

2N108 

aa^'i^a 



■■■III 

50 


-15 






35 


2N109 

■acna 




50 

-12 

-35 

50 

70 


3.3 

75 

150 

2N188-2N192 

2N110 





180 


-50 

85 

.32 

5.0 





2N111 




■■■ 

150 

-15 


85 

40 

.3 

.30 



2N135 

2N111A 





150 

-15 


85 

40 

.3 

33 



2N135 

2N112 





150 

-15 


85 

40 

5 

32 



2N1.36-2N1.35 














JETEC Dwg. 

No. Type Mfr. Use No. 

MAX. RATINGS - 

Pc mw 

@ 25°C BVcb Ic mo Tj°C 

TYPICAL VALUES - 

Po mw — Class 

hfe fab me Ge db A B 

Closest GE 

2N112A PNP Ray IF 

2N113 PNP Ray RF 

2N114 PNP Ray RF Sw 

150 -15 -200 85 

100 -6 -5 85 

100 -6 -5 85 

40 5 35 

45 10 33 

65 20 

2N1.36 

2N137 

2N137 or 2N123 

2NI17 NPN TI Si ( = 903) 

2N118 NPN TI Si ( = 904) 

2N119 NPN TI SiAF 

150 45* 25 175 

150 45* 25 175 

150 45* 25 175 

12 4 

24 5 

.98o 6 

2N.332 

2N.33.3 

2N335 

2N123 PNP GE RF Sw 8 

2N124 NPN TI RF Sw 

2N125 NPN TI RF Sw 

100 -20 -125 85 

50 10 8 75 

50 10 8 75 

50 8 

18 3 

.32 5 

2N123 

2N168 

2N167 

2N126 NPN TI RF Sw 

2N127 NPN TI RF Sw 

2N128 PNP Phil SB Osc 

50 10 8 75 

50 10 8 75 

30 —4.5 —5 85 

60 5 

1.30 5 

35 60 

2N167 

2N167 

2N129 PNP Phil SB Osc 

2N130 PNP Ray AF 

2N131 PNP Ray AF 

30 -4.5 -5 85 

84 -22 -10 85 

84 -15 -10 85 

20 40 

22 39 

45 41 

2N186 or 2N319 
2N187 or 2N.319 

2N132 PNP Ray AF 

2N133 PNP Ray AF 

2N135 PNP GE IF 8 

84 -12 -10 85 

84 -15 -10 85 

100 -12 -50 85 

90 42 

25 .36 

20 4.5 29 

2N241 or 2N321 
2N186 

2N1.35 

2N136 PNP GE RF 8 

2N137 PNP GE RF 8 

2N138 PNP Ray AF Out 

100 -12 -50 85 

100 -6 -50 85 

50 -12 -20 40 

40 6.5 .31 

60 10 33 

140 30 50 

2N136 

2N137 

2N192 

2N138A PNP Ray AF Out 

2N139 PNP RCA IF 

2N140 PNP RCA Osc 

80 -45 -100 85 

35 -16 -15 70 

35 -16 -15 70 

10 29 25 100 

48 4.7 29 

45 7 28 

2N187 25V 

2N136-2N135 

2N1.36-2N1.37 

2N141 PNP Syl Pwr 

2N142 NPN Syl Pwr 

2N143 PNP Syl Pwr 

' 1.5W/4W -30 -.8A 65 

1.5W/4W 30 .8A 65 

1W/4W -30 -.8A 65 

40 .4 26 600 5W 

40 .4 26 600 5W 

40 .4 26 600 5W 


2N144 NPN Syl Pwr 

2N145 NPN TI IF 

2N146 NPN TI IF 

1W/4W 30 .8 65 

65 20 5 75 

65 20 5 75 

40 .4 26 600 5W 

3.3 max 

36 max 

2N169 or 2N292 
2N169 or 2N292 

2N147 NPN TI Osc 

2N148 NPN TI lo IF 

2N148A NPN TI lo IF 

65 20 5 75 

65 16 5 75 

65 .32 5 75 

39 max 

35 max 

35 max 

2N168A or 2N29.3 
2N169 or 2N292 
2N169A 

2N149 NPN TI lo IF 

2N149A NPN TI lo IF 

2N150 NPN TI lo IF 

65 16 5 75 

65 .32 5 75 

65 16 5 75 

38 max 

38 max 

41 max 

2N169 or 2N292 
2N169A 

2N169 or 2N292 

2NI50A NPN TI lo IF 

2N155 PNP CBS Pwr 

2N156 PNP CBS Pwr 

65 .32 5 75 

8.5W -30 -3A 85 

8.5W -.30 -3A 85 

41 max 

48 .18 .3.3 2W 9W 

40 .18 .36 2W 9W 

2N169A 

2N158 PNP CBS Pwr 

2N158A PNP CBS Pwr 

2N159 Pt Sprague Sw 

8.5W -60 -3A 85 

8.5W -60 -.3A 85 

80 -50 -10 

40 .18 40 2W 17W 

41 .18 

2 





JETEC Dwg. 

No. Type Mfr. Use No. 

- MAX. RATINGS 

Pc mw 

@ 25®C BVcb Ic mo Tj°C 

- TYPICAL VALUES 

Po mw — Class 

hte fab me Ge db A B 

Closest GE 

2N160 NPN GP Si IF 

2N160A NPN GP Si IF 

2NI6I NPN GP Si RF 

150 40 25 150 

150 40 25 150 

150 40 25 150 

14 4 34 

14 4 34 

28 5 37 

2N332 

2N332 

2N3.33 

2N16IA NPN GP Si RF 

2NI62 NPN GP Si RF 

2NI62A NPN GP Si RF 

150 40 25 150 

150 40 25 150 

150 40 25 150 

28 5 37 

38 8 38 

38 8 38 

2N333 

2N335 

2N335 

2NI63 NPN GP Si RF 

2N163A NPN GP Si RF 

2N164A NPN GE Obsolete 

150 40 25 150 

150 40 25 150 

65 15 20 85 

50 6 40 

50 6 40 

40 8 39 max 

2N335 

2N335 

2N168A 

2N165 NPN GE Obsolete 

2N166 NPN GE Obsolete 

2N167 NPN GE Sw 3 

65 15 20 85 

25 6 20 50 

75 30 75 85 

72 5 36 max 

32 5 24 

30 9 

2N169 

2N170 

2N167 

2N168 NPN GE Obsolete 

2N168A NPN GE Osc 3 

2N169 NPN GE IF 3 

55 15 20 75 

65 15 20 85 

65 15 20 85 

20 6 39 max 

40 8 39 max 

72 9 35 max 

use 2N293 

2N168A 

2N169 

2N169A NPN GE IF 3 

2NI70 NPN GE RF 3 

2NI72 NPN TI IF 

65 25 20 85 

55 6 20 50 

65 16 5 75 

72 9 35 max 

20 4 27 

28 

2N169A 

2N170 

2N168A 

2N173 PNP Die Pwr 

2N174 PNP Die Pwr 

2NI75 PNP RCA AF 

40 W -60 -7A 90 

40W -80 -7A 90 

20 -10 -2 50 

100 .6 8 20W 

45 .2 20 80W 

65 .8 43 

2N192 

2N176 PNP Motor Pwr 

2N178 PNP Motor Pwr 

2N179 PNP Motor Pwr 

-12 -600 80 

low -12 -600 80 

-20 -60 88 

25 3W 

30 29 3W 

32 300 


2N180 PNP CBS AF Out 

2N181 PNP CBS AF Out 

2N182 NPN CBS IF 

150 -30 -25 75 

250 -30 -38 75 

100 25 10 75 

60 .7 37 3W 300 

60 .7 34 110 600 

25 3.5 

2N188 

2N188A 25V 

2N167 

2N183 NPN CBS Sw 

2N184 NPN CBS Sw 

2N185 PNP TI AF 

100 25 10 75 

100 25 10 75 

150 -20 -150 50 

40 7.5 

60 12 

55 40.5 2 250 

2N167 

2N167 

2N188A 

2N186 PNP GE AF Out 1 

2N186A PNP GE AF Out 1 

2N187 PNP GE AF Out I 

100 -25 -200 85 

200 -25 -200 85 

100 -25 -200 85 

24 .8 28 300 

24 .8 30 750 

36 1 30 300 

2N186 

2N186A 

2N187 

2N187A PNP GE AF Out 1 

2NI88 PNP GE AF Out 1 

2NI88A PNP GE AF Out I 

200 -25 -200 85 

100 -25 -200 85 

200 -25 -200 85 

36 1 3d 750 

54 1.2 32 300 

54 1.2 32 750 

2N187A 

2N188 

2N188A 

2N189 PNP GE AF 1 

2NI90 PNP GE AF 1 

2NI9I PNP GE AF 1 

75 -25 -50 85 

75 -25 -50 85 

75 -25 -50 85 

24 .8 37 1 

36 1 39 1 

54 1.2 41 1 

2N189 

2N190 

2N191 

2N192 PNP GE AF 1 

2NI93 NPN Syl Ose 

2NI94 NPN Syl Osc 

75 -25 -50 85 

50 15 75 

50 15 50 75 

75 1.5 43 1 

6 3 

7.5 3.5 15 

2N192 

2N167 

2N169 











MAX. RA1 

INGS — 



- TYPIC 

AL VALUES 


— 



JETEC 




Dwg. 

Pc mw 







Po mw — 

Class 



No. 

Type 

Mfr. 

Use 

No. 

@ 25*C 

BVcb 

Ic mo 

Tj-C 

hr« 

fab me 

G. db 

A 

B 

Closest GE 


2N206 

PNP 

RCA 

AF 


mm 

-30 



47 

.8 

46 



2N191 


2N207 

PNP 

PhU 

AF 



-12 



100 

2 






2N207A 

PNP 

Phil 

AF 



-12 

kUI 


100 

2 




2N241 


2N207B 

PNP 

Phil 

AF 


■■■ 


WBM 

65 


2 




2N241 


2N211 

NPN 

Syl 

Osc 





75 


3.5 




2N293 


2N212 

NPN 

Syl 

Osc 




WmM 

75 

eb 

6 

22 



2N293 


2N213 

NPN 

Syl 

AF 


m^mm 


BRim 

75 



42 



2N169A 


2N214 

NPN 

Syl 

AF Out 





70 


.8 

29 


200 

2N188 (PNP) 


2N215 

PNP 

RCA 

AF 




IBB 

70 


.7 

41 



2N191 


2N216 

NPN 

Syl 

IF 


50 

15 

50 

75 

15 

3 

26 



2N169 


2N217 

PNP 

RCA 

AF 


50 

-25 

-70 

50 

70 


33 


160 

2N192 


2N218 

PNP 

RCA 

IF 


35 

-16 

-15 

70 

48 

4.7 

30 



2N135 


2N219- 

PNP 

RCA 

Osc 






75 

10 

27 



2N136 


2N220 

PNP 

RCA 

AF 






65 

.8 

43 



2N192 


2N223 

PNP 

Phil 

AF 






95 

.6 

37 

1 


2N192 


2N224 

PNP 

Phil 

AF Out 


mFFTH 

-25 


75 

75 

.5 

36 


300 

2N241A 


2N225 

PNP 

Phil 

AF Out 



-25 


75 

75 

.5 

36 


300 

2N241A 


2N226 

PNP 

Phil 

AF Out 



-25 

-150 

65 

55 

.4 

30 


300 

2N188A 


2N227 

PNP 

Phil 

AF Out 


100 




55 

.4 

30 


300 

2N188A 


2N228 

NPN 

Syl 

AF Out 


50 




70 

.8 

26 


100 

2N169 


2N229 

NPN 

Syl 

AF 






25 

1.6 




2N169 


2N230 

PNP 

MaU 

Pwr 






83 

.014 (/3) 






2N233 

NPN 

Syl 

AF 






4.5 







2N234 

PNP 

Bendix 

Pwr 








25 

2 




2N234A 

PNP 

Bendix 

Pwr 




-3A 




25 

2 




2N235 

PNP 

Bendix 

Pwr 




-3A 




33 

2W 




2N235A 

PNP 

Bendix 

Pwr 




-3A 




33 

2W 




2N236 

PNP 

Bendix 

Pwr 


25W 

-40 

-3A 

95 



35 

4 




2N236A 

PNP 

Bendix 

Pwr 


25W 

-40 

-3A 

95 



35 

4 




2N237 

PNP 

Mar 

AF 


150 

-45 

-20 • 

55 

70 

1 

44 



2N192 25V 


2N238 

PNP 

TI 

AF 


50 

-20 


60 



42 



2N191 


2N240 

PNP 

Phil 

SB Sw 


10 

-6 

-15 


16 







2N241 

PNP 

GE 

AF Out 

1 

100 

-25 

-200 

85 

73 

1.3 

35 


300 

2N241 


2N241A 

PNP 

GE 

AF Out 

1 

200 

-25 

-200 

85 


1.3 

35 


750 

2N241A 


2N242 

PNP 

Syl 

Pwr 



-45 

-2A 

100 


5 Kc (d) 

30 

2.5W 




2N243 

NPN 

TI 

SiAF 


750 

60* 

60 

150 



30 





2N244 

NPN 

TI 

SiAF 


750 

60* 

60 

150 

.97a 


30 





2N247 

PNP 

RCA 

Drift RF 


35 

-35 

-10 

85 

60 

30 (37 @ 1.5Mc) 





2N248 

PNP 

TI 

RF 


30 

-25 

-5 

85 

20 

50 

12 





2N249 

PNP 

TI 

AF Out 


350 

-25 

-200 

60 



31 



2N188A 


2N250 

PNP 

TI 

Pwr 


12W 

-30 

-2A 

80 


6 Kc 

34 





2N251 

PNP 

TI 

Pwr 


12W 

-60 

-2A 

80 


6 Kc 

34 
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JETEC Dwg. 

No. Type Mfr. Use No. 

-- MAX. RATINGS 

Pc mw 

@ 25*C BVcb Ic mo Tj°C 

- TYPICAL VALUES 

Po mw — Class 

hfe fab me Ge db A B 

Closest GE 

2N253 NPN TI IF 

2N254 NPN TI IF 

2N255 PNP CBS Pwr 


30 

34 

40 .2 23 IW 5W 

2N293 

2N293 

2N256 PNP CBS Pwr 

2N257 PNP Cle Pwr 

2N260 PNP Cle Si 

1.5W/6.25W -30 -3A 85 

2W/25W -20 85 

200 -10 -50 150 

40 .2 26 2W low 

50 7 Kc iff) 30 IW 

16 1.8 38 


2N260A PNP Cle Si 

2N261 PNP Cle Si 

2N262 PNP Cle Si RF 

200 -.30 -50 150 

200 -75 -50 150 

200 -10 -50 150 

16 1.8 38 

10 1.8 36 

20 6 40 


2N262A PNP Cle Si RF 

2N265 PNP GE AF 1 

2N267 PNP RCA RF Drift 

200 -30 -50 150 

^ 75 -25 -50 85 

Same as 2N247 except for flex, leads 

20 6 40 

110 1.5 45 

2N265 

2N268 PNP Cle Pwr 

2N268A PNP Cle Pwr 

2N269 PNP RCA Sw 

2W/25W -30 

2W/10W -60 90 

35 -20 -100 70 

7 6 Kc (/3) 28 

20 

35 4 

2N123 

2N270 PNP RCA AF Out 

2N274 PNP RCA RF Drift 

2N277 PNP Dlco Pwr 

150 -25 -150 50 

35 -40* -10 85 

55W -40 -12 A 95 

32~ 500 

60 30 45 

60 .5 34 16W 30W 

2N320 

2N278 PNP Dlco Pwr 

2N279 PNP Am AF 

2N280 PNP Am AF 



2N187 

2N188 

2N281 PNP Am AF 

2N282 PNP Am AF 

(m&tched pr) 


70 .35 34 38 

70 .35 23 390 

2N241 

2N241 

2N2u3 Pinp Am Sw 

2N284 PNP Am Sw 

2N284A PNP Am Sw 

125 -20 -10 75 

125 -32 -125 75 

125 -60 -125 75 

40 .5 

45 .35 min 

45 .35 min 

2N188 

2N188 

2N290 PNP Dlco Pwr 

2N291 PNP TI AF 

2N292 NPN GE IF 3 

55W -70 -12A 95 

180 -25 -200 85 

65 15 20 85 

50 .4 25 20W 85W 

45 33 50 500 

25 6 35 max 

2N188A 

2N292 

2N293 NPN GE RF 3 

2N297 PNP Cle Pwr 

2N301 PNP RCA Pwr 

65 1.5 20 85 

15W -60 — 5A 85 

12W -40 -2A 85 

25 7 39 max 

35 6 Kc 

70 30 2.7W 

2N293 

2N301A PNP RCA Pwr 

2N302 PNP Ray Obsolete 

2N303 PNP Ray Obsolete 

12W -60 -2A 85 

150 -10 -200 85 

150 -30 -200 85 

70 30 2.7W 

45 7 

75 14 

2N186A 

2N186A 

2N306 NPN Syl AF 

2N307 PNP Syl AF Out 

2N307A PNP Syl Pwr 

50 12 75 

-35 -lA 75 

17 W -35 -2A 75 

30 .75 

25 4 

20 3.5 Kc 27 

2N292 

2N308 PNP TI IF 

2N309 PNP TI IF 

2N3I0 PNP TI IF AF 

30 -20 -5 55 

30 -20 -5 55 

30 -30 -5 55 

41 

43 

37 













JETEC 




Dwg. 

Pc mw 

MAX. RATINGS - 



TYPIC 

AL VALUES - 

Po mw — 

- Class 



No. 

Type 

Mfr. 

Use 

No. 

@ 25'C 

BVcb 

Ig mo 

Tj^C 

hfa 

fab me 

G.db A 

B 

Closest GE 


2N311 

PNP 

Motor 

Sw 


mm 

-15 


85 

50 




2N123 


2N312 

NPN 

Motor 

Sw 



15 


85 

50 




2N167 


2N313 

NPN 

GE 

Obsolete 



15 

20 

85 

25 

5 

36 max 


2N292 


2N314 

NPN 

GE 

Obsolete 



15 

20 

85 

25 

8 

39 max 


2N293 


2N315 

PNP 

GT 

Sw 



-15 

-200 

85 

20 

5 





2N316 

PNP 

GT 

Sw 



-10 

-200 

85 

30 

12 





2N317 

PNP 

GT 

Sw 



-6 

-200 

85 

30 

20 





2N318 

PNP 

GT 

Photo 



-12 

-20 


100 

.75 





2N319 

PNP 

GE 

AF Out 

2 


-20 

-200 

85 

33 

2 

30 

750 

2N187A 


2N320 

PNP 

GE 

AF Out 

2 

240 

-20 

-200 

85 

48 

2.5 

32 

750 

2N188A 


2N321 

PNP 

GE 

AF Out 

2 

240 

-20 

-200 

85 

48 

3 

35 

750 

2N241A 


2N322 

PNP 

GE 

AF 

2 

140 

-16 

-100 

85 

70 

2 

39 


2N190 


2N323 

PNP 

GE 

AF 

2 

140 

-16 

-100 

85 

90 

2.5 

41 


2N191 


2N324 

PNP 

GE 

AF 

2 

140 

-16 

-100 

85 

80 

3 

43 


2N192 


2N325 

PNP 

Syl 

Pwr 


12W 

-35 

-2A 

85 

40 

.2 





2N326 

NPN 

Syl 

Pwr 


7W 

35 

2A 

85 

40 

.2 





2N327 

PNP 

Ray 

SiAF 


335 

-50 

-100 

160 

14 

.2 

32 




2N328 

PNP 

Ray 

AF 


335 

-35 

-100 

160 

24 

.35 

34 




2N329 

PNP 

Ray 

AF 


335 

-30 

-100 

160 

50 

.5 

36 




2N330 

PNP 

Ray 

AF 


335 

-45 

-50 

160 

30 

.25 

34 




2N331 

PNP 

RCA 

AF 


200 

-30* 

-10 

85 

48 

.7 

44.5 


2N188A 


2N332 

NPN 

TI-GE 

SiAF 

4 

150 

45* 

25 


15 

30 

35 


2N332 


2N333 

NPN 

TI-GE 

SiAF 

4 

150 

45* 

25 

200 

35 

33 

39 


2N333 


2N334 

NPN 

TI-GE 

SiAF 

4 

150 

45* 

25 


.975 a 

8 min 



2N334 


2N335 

NPN 

TI-GE 

SiAF 

4 

150 

45* 

25 


50 

38 

42 


2N335 


2N336 

NPN 

TI-GE 

SiAF 

4 

150 

45* 

25 

175 

.99 a 

7 



2N336 


2N344 

PNP 

Phil 

RF ( = SE101) 

20 

-5 

-5 


22 

50 





2N345 

PNP. 

Phil 

RF ( = SR102) 

20 

-5 

-5 


60 

50 





2N346 

PNP 

Phil 

RF (=SB103) 

20 

-5 

-5 


15 

75 





2N350 

PNP 

Motor 

Pwr 


low 

-40* 

-3A 


30 

5 Kc min 

31 

8W 



2N351 

PNP 

Motor 

Pwr 


low 

-40* 

-3A 


45 

5 Kc min 

33 

8W 



2N352 

PNP 

Phil 

Pwr 


25W 

-40 

-2A 

100 

65 

16 Kc 

36 2.5W 

low 



2N353 

PNP 

Phil 

Pwr 


30W 

-40 

-2A 

■ESfli 

90 

16 Kc 

36 5W 

low 



2N354 

PNP 

Phil 

Si Osc 


150 

-25 

-50 


18 

15 fmax 





2N355 

PNP 

Phil 

Si Sw 


150 

-10 

-50 

140 

18 

25 fmax 





2N356 

NPN 

GT 

Sw 


100 

18 

500 

IHsfifli 

30 

3 





2N357 

NPN 

GT 

Sw 


100 

15 

500 


30 

6 



2N634 


2N358 

NPN 

GT 

Sw 


100 

12 

500 


30 

9 



2N635 


2N376 

PNP 

Motor 

Pwr 


low 

-40* 

-3A 


60 

5 Kc min 

35 

8W 



2N378 

PNP 

TS 

Sw 


15W 

-20 

-3A 

85 

35 

7 Kc O) 





2N379 

PNP 

TS 

Sw 


15W 

-40 

-3A 

85 

30 

7 Kc (^) 





2N380 

PNP 

TS 

Sw 


15W 

-30 

-3A 

85 

60 

7 Kc (p) 
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JETEC Dwg. 

No. Type Mfr. Use No. 

- MAX. RATINGS 

Pc mw 

@ 25"C BVcb Ic mo Tj*C 

- TYPICAL VALUES 

Po mw — Class 

hfe fab me G« db A B 

Closest GE 

2N381 PNP TS AF Out 

2N382 PNP TS AF Out 

2N383 PNP TS AF Out 

200 -25 -200 85 

200 -25 -200 85 

200 -25 -200 85 

50 1.2 25 500 

75 1.5 .33 500 

100 1.8 31 500 

2N320 

2N321 

2N321 

2N384 PNP RCA RF Drift 

2N386 PNP Phil Pwr 

2N387 PNP Phil Pwr 

120 -30 -10 85 

12.5W -60 -3A 100 

12.5W -80 -3A 100 

.984 a 100 34 

20 7 Kc 

20 6 Kc 


2N393 PNP Phil Sw 

2N394 PNP GE Sw 2 

2N395 PNP GE Sw 2 

50 -6 -50 85 

150 -10 -200 100 

150 -15 -200 100 

155 60 fmax 

150 5.5 

150 7 

2N394 

2N395 

2N396 PNP GE Sw 2 

2N397 PNP GE Sw 2 

2N398 PNP RCA Sw 2 

150 -10 -200 100 

150 -10 -250 100 

50 -105 -100 85 

150 7 

150 10 

60 

2N396 

2N397 

2N399 PNP Rendix Pwr 

2N401 PNP Bendix Pwr 

2N402 PNP W AF 

25W -40 -3A 90 

25W -40 — 3A 90 

180 -20 -150 85 

33 

30 

.96 a 600 Kc 37 

2N188A 

2N403 PNP W AF Out 

2N404 PNP RCA Sw 

2N405 PNP RCA AF 

180 -20 -200 85 

120 -24 -100 85 

150 -18 -35 85 

^ .97 a 850 Kc 32 30 

12 

35 650 Kc 43 

2N187A 

2N396 

2N188A 

2N406 PNP RCA AF 

2N407 PNP RCA AF Out 

2N408 PNP RCA AF Out 

150 -18 -35 85 

150 -18 -70 85 

150 -18 -70 85 

35 650 Kc 43 

65 33 160 

65 33 160 

2N188A 

2N241A 

2N241A 

2N409 PNP RCA IF 

2N410 PNP RCA IF 

2N411 PNP RCA RF 

80 -13 -15 85 

80 -13 -15 85 

80 -13 -15 85 

45 6.8 38.8 

45 6.8 38.8 

75 10 

2N135 

2N135 

2N137 

2N412 PNP RCA RF 

2N413 PNP Ray RF 

2N413A PNP Ray IF 


75 10 

30 2.5 10 

30 2.5 33 

2N137 

2N135 

2N135 

2N414 PNP Ray RF 

2N414A PNP Ray IF 

2N415 PNP Ray RF 

150 -15 -200 85 

150 -15 -200 85 

150 -10 -200 85 

60 7 16 

60 7 35 

80 10 30 

2N136 

2N136 

2N137 

2N415A PNP Ray IF 

2N416 PNP Ray RF 

2N417 PNP Ray RF 

150 -10 -200 85 

150 -12 -200 85 

150 -10 -200 85 

80 10 30 

80 10 20 

140 20 27 

2N137 

2N137 

2N422 PNP Ray AF 

2N425 PNP Ray Sw 

2N426 PNP Ray Sw 


50 .8 38 

15 4 

18 6 

2N188A(2N320) 

2N394 

2N395 

2N427 PNP Ray Sw 

2N428 PNP Ray Sw 

2N438 NPN CBS Sw 


20 11 

30 17 

25 2.5 min 

2N396 

2N397 

2N439 NPN CBS Sw 

2N440 NPN CBS Sw 

2N444 NPN GT Sw 

100 30* 85 

100 30* 85 

100 15 85 

35 5 min 

65 10 min 

15 .5 min 

2N634 

2N635 












MAX. RATINGS 


TYPICAL VALUES 


JETEC 




Dwg. 


Pc mw 







Po mw — Class 


No. 

Type 

Mfr. 

Use 

No. 


@ 25*C 

BVcb 

Ic mo 

Tj*C 

hf« 

fab me 

G. db 

A B 

Closest GE 

2N445 

NPN 

GT 

Sw 



100 

12 


85 

35 

2 min 




2N446 

NPN 

GT 

Sw 



100 

10 


85 

60 

5 min 



2N634 

2N447 

NPN 

GT 

Sw 



100 

6 


85 

125 

9 min 



2N635 

2N450 

PNP 

GE 

Sw 

8 


150 

-12 

-125 

85 

60 min 

11 



2N450 

2N451 

NPN 

GE 

SiPwr 

6 


85W 

65 

5A 

150 

16 

400 Kc 

4 


2N451 

2N452 

NPN 

GE 

SiPwr 

6 


85W 

65 

5A 

150 

12 

400 Kc 

2.5 


2N452 

2N453 

NPN 

GE 

SiPwr 

6 


85W 

65 

2A 

150 

30 

400 Kc 

6 


2N453 

2N454 

NPN 

GE 

SiPwr 

6 


85W 

65 

2A 

150 

15 

400 Kc 

10 


2N454 

2N460 

PNP 

TS 

AF 



200 

-45* 

-400 

100 

.96a 

1.2 



2N319 

2N461 

PNP 

TS 

AF 



200 

-45* 

-400 

100 

.98a 

1.2 



2N320 

2N462 

PNP 

Phil 

Sw 



150 

-40* 

-200 

75 

45 

.5 min 



2N188A 

2N464 

PNP 

Ray 

AF 



150 

-40 

-100 

85 

26 

.7 

40 



2N465 

PNP 

Ray 

AF 



150 

-30 

-100 

85 

45 

.8 

42 


2N188A(2N320) 

2N466 

PNP 

Ray 

AF 



150 

-20 

-100 

85 

90 

1 

44 


2N241A(2N321) 

2N467 

PNP 

Ray 

AF 



150 

-15 

-100 

85 

180 

1.2 

45 



2N489 


GE 

SiUni 

5 

SEE G-E TRANSISTOR SPECIFICATIONS 

SECTION 



2N489 

2N490 


GE 

SiUni 

5 

SEE G-E TRANSISTOR SPECIFICATIONS SECTION 



2N490 

2N491 


GE 

SiUni 

5 

SEE G-E TRANSISTOR SPECIFICATIONS 

SECTION 



2N491 

2N492 


GE 

SiUni 

5 

SEE G-E TRANSISTOR SPECIFICATIONS SECTION 



2N492 

2N493 


GE 

SiUni 

5 

SEE G-E TRANSISTOR 

SPECIFICATIONS SECTION 



2N493 

2N494 


GE 

SiUni 

5 

SEE G-E TRANSISTOR SPECIFICATIONS SECTION 



2N494 

2N495 

PNP 

Phil 

SiOSC 



150 

-25 

-50 

140 

18 

15 fmax 




2N496 

PNP 

Phil 

SiOSC 



150 

-10 

-50 

140 

18 

25 fmax 




2N508 

PNP 

GE 

AF 

2 


140 

-16 

-100 

85 

125 

3.5 

45 


2N508 

2N518 

PNP 

GE 

Sw 

8 


150 

-12 

-125 

85 

60 min 

11 



2N518 

2N519 

PNP 

GT 

Sw 



100 

-15 


85 

25 

.5 min 



2N186 

2N520 

PNP 

GT 

Sw 



100 

-12 


85 

40 

3 min 




2N521 

PNP 

GT 

Sw 



100 

-10 


85 

70 

8 min 



2N397 

2N522 

PNP 

GT 

Sw 



100 

-8 


85 

120 

15 min 




2N523 

PNP 

GT 

Sw 



100 

-6 


85 

200 

21 min 




2N524 

PNP 

GE 

AF 

2 


225 

-30 

-500 

100 

30 

2 



2N524 

2N525 

PNP 

GE 

AF 

2 


225 

-30 

-500 

100 

44 

2.5 



2N525 

2N526 

PNP 

GE 

AF 

2 


225 

-30 

-500 

100 

64 

3.0 



2N526 

2N527 

PNP 

GE 

AF 

2 


225 

-30 

-500 

100 

81 

3.3 



2N527 

2N529 

NPN- 

GT 

AF 



100 

15 


85 

17 

2.5 





2N530 


PNP 


NPN- 

PNP 

GT 

AF 

100 

15 

NPN- 

PNP 

GT 

AF 

100 

15 


85 

85 


22 

27 


3.0 

3.5 


2N531 
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JETEC Dwg. 

No. Type 

- MAX. RATINGS 

Pc mw 

@ 25°C BVce Ic mo Tj°C 

- TYPICAL VALUES 

Po mw — Class 

hfe fab me Ge db A B 

Closest GE 

2N532 NPN- GT AF 

PNP 

2N533 NPN- GT AF 

PNP 

100 15 85 

100 15 85 

32 4.0 

37 4.5 


2N538 PNP M-H Pwr 

2N538A PNP M-H Pwr 

2N539 PNP M-H Pwr 

low -80* -20 95 

low -80* -20 95 

low -80* -20 95 

8 Kc 

8 Kc 

7 Kc 


2N539A PNP M-H Pwr 

2N540 PNP M-H Pwr 

2N540A PNP M-H Pwr 

low -80* -20 95 

low -80* -20 95 

low -80* -20 95 

7 Kc 

6 Kc 

6 Kc 


2iN544 PNP RCA RF 

2N554 PNP Motor Pwr 

2N555 PNP Motor Pwr 

80 -18* -10 85 
low -40* -3A 90 

low -40* -3A 90 

60 30 30.1 

30 8 Kc 34 

30 8 Kc 34 


2N574 PNP M-H Pwr 

2N574A PNP M-H Pwr 

2N575 PNP . M-H Pwr 

lOOW -60* -15A 95 

lOOW -80* -15A 95 

lOOW -60* -15A 95 

6 Kc 

6 Kc 

5 Kc 


2N575A PNP M-H Pwr 

2N577 PNP Mu Photo 

2N578 PNP RCA Sw 

lOOW -80* -15A 95 

25 -25 -10 55 

120 -14 -400 85 

5lC^ ^ ^ —- — 

15 5 

2N395 

2N579 PNP RCA Sw 

2N580 PNP RCA Sw 

2N581 PNP RCA Sw 

120 -14 -400 85 

120 -14 -400 85 

80 -15 -100 85 

30 8 

45 15 

30 8 

2N.396 

2N397 

2N396 

2N582 PNP RCA Sw 

2N583 PNP RCA Sw 

2N584 PNP RCA Sw 

120 -14 -100 85 

80 -15 -100 85 

120 -14 -100 85 

60 18 

30 8 

60 18 


2N585 NPN RCA Sw 

2N634 NPN GE Sw 2 

2N635 NPN GE Sw 2 

120 24 200 85 

150 20 300 85 

150 20 300 85 

40 5~ ~ 

15 8 

25 12 

2N634 

2N635 

2N636 NPN GE Sw 2 

3N21 Pt Syl Sw 

3N22 NPN WE RF 

150 20 300 85 

100 -60 50 
15* 85 

35 17 " 

96a 24 

2N636 

3N23 NPN GP 

3N23A NPN GP 

3N23B NPN GP 

50 30 5 

50 30 5 

50 30 5 

10 12 

20 14 

35 15 


3N23C NPN GP 

3N29 NPN GE Obsolete 

3N30 NPN GE Obsolete 

50 30 5 

50 6 20 85 

50 6 20 85 

50 17 

100 40 10 

100 80 10 


JIM 31 NPN GE Obsolete 

3N36 NPN GE RF 7 

3N37 NPN GE RF 7 

50 6 20 85 

30 6 20 85 

30 6 20 85 

100 20 10 

2.2Z-81° 50 min 11.5 

I.IZ—100° 90 min 9 

3N36 

3N37 


NOTE: Closest GE types are given only as a general guide and are based 
on available published electrical specifications. However, General 
Electric Company makes no representation as to the accuracy and 
completeness of such information. 


Since manufacturing techniques are not identical, the General 
Electric Company makes no claim, nor does it warrant, that its 
transistors are exact equivalents or replacements for the types 
referred to. 
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EXPLANATION OF SYMBOLS 


TYPES AND USES: 

Si—Silicon High Temperature Transistors (all others germanium) 

Pt—Point contact types 

AF—Audio Frequency Amplifier—Driver 

AF Out—High current AF Output 

Pwr—Power output 1 watt or more 

RF—Radio Frequency Amplifier 

Osc—High gain High frequency RF oscillator 

IF—Intermediate Frequency Amplifier 

lo IF—Low IF (262 Kc) Amplifier 

Sw—High current High frequency switch 

AF Sw—Low frequency switch 

RATINGS: 

Vq—M aximum collector dissipation at 25 °C (76 °F) ambient room 
temperature. Secondary designations are ratings with connec¬ 
tion to an appropriate heat sink. 

B'VcE=Minimum collector-to-emitter breakdown voltage. GE tran¬ 
sistors measured with Base-to-emitter resistance as follows: 
lOK for AF and AF Out PNP 
1 Meg for RF, IF, and Osc PNP 
Open circuit for NPN 

*Under BVcE=Minimum collector-to-base breakdown voltage (for 
grounded base applications). 

lc=Maximum collector current. (Negative for PNP, Positive for 
NPN.) 

Tj^Maximum centigrade junction temperature. Pc must be derated 
linearily to O mw dissipation at this temperature. 
hte=Small signal base to collector current-gain, or Beta (except 
where emitter to collector gain, alpha o, is given). 
fah=Alpha cut-off-frequency. Frequency at which the emitter to 
collector current gain, or alpha, is down to 1 V 2 or .707 of its 
low frequency audio value. For some power transistors, the 
Beta or base-to-collector current-gain cutoff—frequency is 
given as noted. 


Ge=Grounded-emitter Power Gain. 

AF, AF Out, and Pwr Gain measured at 1 Kc. 

RF, IF, and Osc Gains at 455 Kc. 

(Sw Gain is dependent on circuit and wave-shape.) 

(All measured at typical power output level for given tran¬ 
sistor type.) 

Po=Maximum Power Output at 5% harmonic distortion, in mw 
except where noted as watts. Class A single-ended. Class B 
Push Pull. 

MANUFACTURERS: 

Am—Amperex 

Bendix—Bendix Aviation Corp. 

CBS—CBS-Hytron. 

Cle—Clevite Transistor Products. 

Die—Delco Radio Div., General Motors Corp. 

GE-General Electric Company. 

GP—Germanium Products Corp. 

Mall—P. R. Mallory and Company, Inc. 

Mar—Marvelco, National Aircraft Corp. 

M-H—Minneapolis-Honeywell Regulator Co. 

Motor—Motorola, Inc. 

Mu—Mullard Ltd. 

Phil—Philco. 

Ray-Raytheon Manufacturing Company. 

RCA-RCA. 

Sprague—Sprague Electronics Company. 

Syl—Sylvania Electric Products Company. 

TI—Texas Instruments, Inc. 

TS—Tung-Sol. 

W—Westinghouse Electric Corp. 

WE—Western Electric Company. 


TRANSISTOR SPECIFICATIONS 


TRANSISTOR SPECIFICATIONS 


OUTLINE DRAWINGS 



DIMENSIONS WITHIN 
JETEC OUTLINE JETEC BASE 
TO-5 E3-44 










TRANSISTOR SPECIFICATIONS 


DIMENSIONS WITHIN 
JETEC OUTLINE 
TO-5 

JETEC BASE 


^370MAX 
.360MIN ■ 

_.335 MAX_ 
.325MIN 



















































TRANSISTOR SPECIFICATIONS 



DIMENSIONS WITHIN 
JETEC OUTLINE 
TO-12 

JETEC BASE 
E4-54 

NOTi I: This zone is controlled for auto¬ 
matic handling. The variation in actual 
diameter within this zone shall not exceed 
. 010 . 

NOT! 2: Measured from max. diameter of 
the actual device. 

NOTE 3; The specified lead diameter ap¬ 
plies in the zone between .050 and .250 
from the base seat. Between .250 and .5 
maximum of .021 diameter is held. Outside 
of these zones the lead diameter is not 
controlled. 




CUT TO 0.200" FOR USE IN SOCKETS. 
LEADS TINNED DIA. .018 
MOUNTING POSITION - ANY 
WEIGHT: .05 02. 

BASE CONNECTED TO TRANSISTOR SHELL. 
DIMENSIONS IN INCHES. 























CIRCUIT DIAGRAM INDEX 


AMPLIFIERS: Page 

Audio, Five Transistor. 29 

Audio, Loudspeaker. 27 

Audio, Simple. 26 

Audio, Single Stage. 18 

Direct Coupled “Battery Saver". 26 

Phono, Three Transistor. 27 

Phono, Four Transistor. 28 

Power, Six-Watt. 34 

Power, Ten-Watt. 36 

AUTODYNE CONVERTER 38 

FLIP-FLOPS: 

Five Hundred KC Counter Shift Register. 81 

Non-Saturated. 80 

Saturated .77, 78 

LOGIC CIRCUITS: 

Basic Circuits. 93, 94, 95 

DCTL. 69 

MULTIVIBRATORS: 

Hybrid. 62 

Unijunction Transistor. 61 

OSCILLATORS: 

Basic Relaxation. 59 

Code Practice. 26 

PREAMPLIFIERS: 

Hybrid Phono-Tape. 32 

NPN for Magnetic Pickups. 36 

Phono-Tape . 30 

Preamplifier and Driver. 37 


Continued — following page 



























POWER SUPPLIES: Page 

Class A Transistor Amplifier.106, 107 

Dual Six-Watt Amplifier. 108 

Dual Ten-Watt Amplifier. 109 

Five-Watt Amplifier. 108 

General Purpose Transistor. 105 

Preamplifier. 105 

RADIOS: 

Direct Coupled Vest Pocket. 44 

Five Transistor Superheterodyne. 51 

Four Transistor Superheterodyne.47, 48 

Four Transistor, Nine Volt, Reflex. 50 

Four Transistor, Six Volt, Reflex. 49 

Simple Receiver. 44 

Six Transistor, One-Watt. 55 

Six Transistor, Six Volt. 53 

Six Transistor, Superheterodyne. 54 

Six Transistor, Three Volt. 52 

Three Transistor Reflex.45, 46 

Two Transistor . 44 

SAWTOOTH GENERATOR, LINEAR . 60 

STEREOPHONIC TAPE SYSTEM, 

BLOCK DIAGRAM 35 

TEST CIRCUITS: 

Intrinsic Stand-off Ratio (v) .. 58 

Peak Point Emitter Current (IP). 58 

Typical Autodyne Converter. 149 

Typical IF. 149 

Typical First IF Amplifier. 148 

Typical Second IF Amplifier. 148 

TIME DELAY CIRCUIT WITH RELAY 62 

TRIGGERING CIRCUITS: 

Base Triggering. 88 

Base Triggering with Hybrid Gate. 89 

Collector Triggering. 88 

Collector Triggering with Diode. 89 

Collector Triggering with Trigger Amplifier. 89 

Emitter Triggering. 88 

Using Trigger Power to Increase Switching Speeds. 90 
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NOTES ON THE CIRCUIT DIAGRAMS 


TRANSFORMERS 

The audio transformers used in these diagrams were 
wound on laminations of 1%" by 1%" and a %•" stock 
size, and having an electrical efficiency of about 80%. 
Smaller or less efficient transformers will degrade the 
electrical fidelity of the circuits. 


OSCILLATOR COIL 

Ed Stanwyck Coil Company #1265 

Onondaga Electronic Laboratories #A-10047 or equivalent 


VARIABLE CONDENSER 

Radio Condenser Company Model 242 

Onondaga Electronic Laboratories #A-10053 or equivalent 


FERRITE ROD ANTENNA 

Onondaga Electronic Laboratories #A-10067 or equivalent 


If you are unable to obtain these components from either 
your local or a national electronic parts distributor, toe 
suggest you contact: 

Onondaga Electronic Laboratories 
112 Dewitt Street 
Syracuse 3, N. Y. 



READING LIST 


The following list of semiconductor 
references gives texts of both elemen¬ 
tary (E) and advanced (A) character. 
Obviously, the list is not inclusive, but 
it will guide the reader to other 
references. 

Gamer, L., Transistor Circuit 
Handbook (E) 

(Coyne) 

Hunter, L. P., Handbook of Semi¬ 
conductor Electronics (A) 
(McGraw-Hill) 

Kiver, M. S., Transistors in Radio 
and Television (E) 

(McGraw-Hill) 

Krugman, L., Fundamentals of 
Transistors (E) 

(Rider) 

Lo, A. W., Endres, R.O., Zawels, J., 
Waldhauer, F. D., Cheng, C. C., 
Transistor Electronics (A) 
(Prentice-Hall) 

Shockley, W., Electrons and Holes in 
Semiconductors (A) 

(Van Nostrand) 

Shea, R. F., et ah. Principles of 
Transistor Circuits (A) 

(Wiley) 

Shea, R. ¥., ^Transistor Audio 
Amplifiers (A) 

(Wiley) 

Shea, R. F., Transistor Circuit 
Engineering (A) 

(Wiley) 

Spenke, E., et ah. Electronic 
Semiconductors (A) 

(McGraw-Hill) 

Turner, R. P., Transistors — Theory 
and Practice (E) 

(Gemsback) 
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